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L — COBAL   IN   THE    "DOLOMITES"   OF   SoUTH   TtBOL. 
By  Mifls  Mabia  M.  Ooilyii,  D.Sc.  (Lond.). 

(Part  I.) 

L— General  Character  of  the  Scenery— The  Interpretation  of  the 
Mid-Triassic  Succession  given  by  the  *' Coral  H^ef  Theory." 

AT  the  meeting  of  the  British  Association  in  Nottingham,  in 
August  of  last  year,  a  joint  discussion  on  "Coral  Reefs" 
was  held  by  the  sections  of  Zoology  and  Geology.*  Prof.  SoUas, 
in  opening  the  discussion,  referred  to  the  "Dolomites  of  South 
Tyrol"  as  a  country  affording  brilliant  examples  of  Fossil  Coral 
Beefs.  He  demonstrated  this  by  sections  taken  from  the  well- 
known  work  of  Mojsisovics,  and  showed  several  photographs  of 
some  of  the  more  imposing  dolomite  mountains — Scblem,  Langkofl, 
and  Sella — which  had  been  explained  as  reefs  of  Triassio  age.  In 
the  course  of  the  discussion,  Dr.  Hickson  said  he  believed  there 
were  no  corals  in  these  so-called  fossil  reefs.  Dr.  Rothpletz  cor- 
rected this  statement,  saying  briefly  that  there  were  corals  in  the 
dolomite  and  limestone  rock,  along  with  other  groups  of  marine 
animals,  but  that  many  of  the  sections  shown  by  Prof.  Sol  las  were 
incorrect  Prof.  Bonney  emphasized  the  ample  evidence  of  Coral 
life  in  many  parts  of  the  district  which  he  had  visited. 

I  may  be  pardoned  for  recapitulating  the  part  of  the  discussion 

bearing  on  South  Tyrol,  as  I  wish  to  state  here  the  conclusions  which 

I  have  formed  with  regard  to  Coral  Reefs  from  my  geological  work 

in  that  neighbourhood.     So  far  as  Sooth  Tyrol  gives  countenance 

to  one  theory  of  the  growth  of  Coral  Reefs  or  the  other,  it  supports 

in  the  main  Murray's  theory  and  not  Darwin's.    It  displays  striking 

analogies  with  the  observations  of  recent  reefs  made  by  Agassiz  in 

the  West  Indian  and  Caribbean  Seas,  by  Dr.  Guppy  in  the  Solomon 

Islands,  by  Dr.  Murray  on  the  Barrier  Reef  of  Tahiti  and  the  Great 

Chagos  Bank,  by  Prof.  Semper  in  the  Pelew  Islands,  by  Dr.  Rein, 

Dr.  Sydney  Hickson,  and  others.     Some  of  the  special  points  of 

correspondence    may   be   indicated   at   once.     Volcanic    eminences 

formed  submarine  platforms  in  the  Triassic  ocean  of  South  Tyrol, 

on  which  Corals  built  in  Wengen  and  Cassian  time.     One  special 

^  An  accoant  of  the  discusaion  is  giyen  in  ''Nature,"  October  12th,  1893. 
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ridge,  south  (if  '-Groden  and  Enneberg,  apparently  the  outer- 
most at  that  "tib^e,  formed  the  basis  for  a  more  or  less  continuous 
barrier-like-'chi^ifi  of  reefs,  behind  which  (i.e.  to  the  north)  deposits 
collected  bT^  different  nature  from  the  ordinary  marine  deposit  of 
the  SojitHem  Ocean.  These  deposits  include  in  their  uppermost 
horizc«xs'  -the  wonderful  Cassian  fauna  of  Enneberg,  and  probably 
the  fdup^l  conditions  of  the  Cassian-Enneberg  sea  of  Triassic  South 
Tyrol  may  be  justly  compared  with  these  of  the  Caribbean  Sea  at 
.the  present  day.  At  a  later  Triassic  period,  in  Raibl  time,  banks  of 
•repf-coral  were  formed  on  raised  beds  of  ordinary  submarine  deposit 
Oh  the  other  hand  there  is  every  reason  to  suppose  that  in  the  par- 
•ticular  periods  of  Trias  in  South  Tyrol  pre-eminent  for  the  growth 
of  Coral  Reefs,  the  sea-floor  was  undergoing  extensive  movementa  of 
subsidence,  subject  to  oscillation  in  the  near  vicinity  of  volcanic 
action.  In  the  St.  Cassian  area,  between  the  two  main  periods  of 
Coral  growth  an  interval  of  quiet  subsidence  intervened,  marked  in 
many  places  by  the  cessation  of  Coral  growth  and  the  accumulation 
of  a  marine  deposit  enclosing  calcareous  algSB.* 

The  Wengen  and  Cassian  Coral  Reefs  of  Groden,  Enneberg,  and 
Upper  Fassa  have  remained,  with  but  rare  exceptions,  limestone. 
The  actual  thickness  attained  by  the  individual  lenticular  Coral  Reefs 
or  the  Coral  Banks  is  in  no  case  very  great,  seldom  more  than 
150  feet,  and  usually  much  less.  The  steep  slope  of  the  outer  chain 
of  reefs  was  mainly  composed  of  volcanic  rock  with  interbedded 
reef-limestones.  As  negative  evidence  it  may  be  mentioned  that 
the  so-called  **  Dolomite  Reefs,"  viz.  the  thick  dolomite  massifs  of 
Schlern,  Sella,  etc.,  have  originated  as  marine  deposits  and  not  Coral 
Reefs,  probably  calcareous  in  the  greater  part  of  their  thickness,  and 
only  in  their  upper  horizons  originally  dolomitic.  The  reef-like 
appearance  assumed  by  these  dolomite  massifs  is  in  small  measure 
due  to  the  variation  in  the  character  of  contemporaneous  Triassic 
deposits,  but  it  is  chiefly  the  result  of  the  movements  of  the  rocks  in 
Tertiary  time. 

I  have  selected  for  the  sketch-map'  a  long  stretch  of  country 
between  the  Eisack  Valley,  with  the  Brenner  railway  on  the  west, 
and  the  Ampezzo  Valley  on  the  east  The  map  displays  at  a  glance 
the  characteristic  physical  features.  Precipitous  rocks,  generally  of 
a  creamy  or  rose-tinted  crystalline  dolomite,  rise  to  great  heights 
above  green  swelling  passes  and  grazing  land,  or  sometimes  descend 
at  once  into  deep  gorge-like  valleys.  The  artistic  sense  scarcely 
knows  which  to  love  most — the  romantic  region  of  fir-wood  and 
stream  and  human  habitation,  or  the  wild  solitariness  of  the  rocks 
beyond.  Villages  are  perched  midway  between  mountain  and 
ravine,  looking  in  some  of  the  narrower  valleys  as  if  a  push  would 
throw  them  into  the  gap  below.     The  simple  Ladinian  folk  wander 

*  Mr.  George  Murraj^  made  the  following  observation  in  the  Antilles: — **Many 
coralline  sea-weeds  living  at  greater  depths  than  the  Corals  grow  with  a  stout 
incrustation  of  carbonate  of  lime,  and  thus  form  great  masses  which  seem  to  nearly 
rival  the  true  Coral  Reefs  in  bulk  "  ("  Nature  Notes,"  February,  1891). 

>  The  Map  will  appear  in  the  February  Number  with  Part  II.  of  this  paper. 
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\T  and  ^nter  among  the  rough  wiDding  paths  and  dilapidated 
ontent  to  lead  their  cows  and  mow  their  hay.  In  the  wider 
\  the  sun  ripens  hearty  crops  twice  a  year,  and  life  flows  on 
itly,  after  a  lazy  Italian  fashion.  The  barrenness  of  the 
te  mountain  is  such  that  even  chamois  rarely  frequent  their 
ind  terraced  table-lands  ;  snow  caps  most  of  them  during  nine 
B  oat  of  the  twelve,  and  is  perpetual  on  the  highest  summits. 
h  the  exception  of  a  few  scattered  remnants  of  Jurassic  and 
Bous  rocky  the  geological  age  of  the  deposits  exposed  through- 
E  country  is  Triassic  We  are  concerned  with  the  history  of 
ic  deposit  in  South  Tyrol,  in  the  midst  of  which,  we  are  told, 
same  a  long  epoch  of  Coral  growth  and  reef- building.  If  this 
e,  the  data  of  the  geologist  have  a  keen  interest  both  for  the 
ipher  and  the  zoologist,  whose  duty  it  is  to  compare  these  fossil 
Reefs  with  reefs  now  growing,  and  find  corroboration  or  the 
e  for  the  various  theories  which  have  been  advanced  regarding 
rowth  of  recent  Coral  Reefs.  The  chief  data  which  geology 
nines,  are  the  exact  nature  of  the  sedimentary  rocks,  the  order 
lich  they  succeed  one  another,  the  fossil  remains  which  they 
n,  and  any  particulars  regarding  the  manner  of  occurrence  of 
)88il8.  That  seems  a  simple  enough  commission,  and  yet  in 
ce  it  is  often  very  hard  to  execute,  no  part  of  it  more  hard 
9  Alps  than  that  of  determining  the  order  in  which  the  rocks 
3d  one  another.  For  the  sediments  which  were  deposited  by 
reat  basins  of  water  in  Triassic  time  have  since  been  folded 
wisted  and  raised  into  entirely  new  positions  in  relation  to  one 
er.  So  that  a  rock  which  was  once  below  is  now  alongside  or 
above  its  neighbour — or  its  fossils  have  been  destroyed,  or  a 
uic  invasion  has  taken  place ;  in  fact,  endless  accidents  may 
happened  since  Triassic  time,  and  it  requires  much  time  and 
Qce  to  unravel  the  mysteries  introduced  into  a  once  simple 
ssion.  In  a  word,  to  be  a  good  ancient  geographer  of  the  Trias, 
Qust  first  be  a  wary  stratigraphist. 

B  shall  begin  by  quoting  the  succession  of  Triassic  rocks  in 
1  Tyrol  and  the  interpretation  of  it  given  by  Mojsisovics  * : — 

Rhjetic  Beds. 
Dachstein  dolomite. 
Raibl  marls,  sandstones,  dolomite. 


Jassian  Dolomite 


thinninjr  into 


(  Ca.ssiai 

J  NVeiujen         ,,       [-     contomp, 
(  Buchenstein  ,, 


Cassian  marls  and  limestones. 
Wengen  shales  and  volcanic  ash. 
Huchenstein  limestones  and  ashy  rocks. 


deposits  of 
Mu<chelkalk  (Alpine)  limestone  or  dolomite 
"Werfen  shales  and  thin  bedded  sandy  limestones. 

Permian  Rock. 

le  actual  part  which  these  rocks  take  in  the  landscape  may 
riefly  described.  The  so-called  **  Coral  Reefs  "  rise  as  sheer 
pices  2000-3000  feet  hi^li,  or  dwindle  to  nothing.  The  gaunt 
of  their  cliffs  is  unbroken  by  familiar  planes  of  bedding. 
I   marls   draw  themselves  as   a  narrow  band  above  them,  and 

.  ^fojsisovics  V.  Mojsvar,  "Die  Dolomit-Riffc  von  Siid  Tirol  und  Venetien,'* 
1879. 
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Dachstein  dolomite,  well  etratified  and  often  of  very  great  thickness 
builds  the  highest  terraces  and  precipices.  The  Cassian,  Wengen 
and  Buchenstein  sedimentary  beds  are  exposed  on  the  passes  between 
'*  reefs,"  on  their  lower  slopes,  'and  over  the  large  meadows 
which  the  people  of  the  place  call*' A1  pen.*'  The  Muschelkalk  and 
Werfen  series  form  the  bed  of  the  streams  in  the  rapidly  descend- 
ing mountain  valleys.  It  may  be  at  once  remarked  that  typical 
fossils  have  been  found  in  all  members  of  the  succession.  In  the 
'^  reef-dolomite "  fossil  remains  are  extremely  poor  and  scanty ; 
plant  algsd  are  got  even  more  often  than  Corals,  Gasteropods,  or 
Bivalves.  Ammonites  occur,  but  usually  in  too  meagre  a  state  of 
preservation  to  be  of  much  service  in  identifying  the  age  of 
the  rock. 

Besides  the  layers  of  volcanic  ash  and  lava  which  are  interbedded 
with  the  Wengen  beds,  there  is  every  here  and  there  a  massive 
looking  volcanic  rock,  Augite  Porphyry,  which  surprises  the  eye 
by  its  strong  contrast  to  the  dolomitic  rocks.  Everyone  knows  that 
Coral  growth  in  our  present  seas  is  particularly  luxuriant  where 
volcanic  action  is  occasionally  felt,  and  this  seems  a  strong  argument 
in  favour  of  the  view  which  explains  these  Triassic  dolomites  as 
Coral  limestones,  largely  magnesic,  which  were  built  in  a  volcanic 
sea  of  the  far-away  Trias  period.  The  later  conversion  of  such 
magnesic  limestone  reefs  into  pure  dolomite  also  finds  its  parallel 
in  recent  reefs.  So  that  the  "  Coral  Eeef  ITieory  of  the  Dolomites  " 
presents,  as  a  theory,  no  problem  which  is  not  in  harmony  with 
recognized  facts,  unless  we  except  the  enormous  thickness  attained 
by  the  reefs,  and  the  occurrence  on  their  upper  surfaces  and  slopes 
of  an  appearance  which  Mojsisovics  observed  and  called  "  overcast 
bedding." 

A  geological  theory,  however,  stands  by  virtue,  not  of  its 
probability  argued  from  Nature's  Present,  but  its  absolute  fitness 
to  the  facts  observed  in  Nature's  Past.  And,  when  the  same  facts 
may  bear  two  or  even  more  explanations,  the  theory  which  is  to 
stand  in  Science  must  fight  for  its  position  as  the  fittest  survivor  I 
We  have  to  ask  ourselves  if  the  Coral  Beef  theory  offers  the  only 
probable  explanation  of  the  dolomite  cliffs.  The  mere  occurrence  of 
a  couple  of  thousand  feet  of  limestone  or  dolomite  is  part  of  the 
A  B  C  of  Geology,  when  taken  as  the  accumulation  of  ordinary 
marine  deposit  Dachstein  dolomite  is  such  a  rock,  and  it  still 
carries  testimony  of  its  origin  in  the  numerous  Megalodon  bivalves 
and  other  fossils  which  it  contains.  Again,  a  considerable  amount 
of  variation  in  the  thickness  of  any  marine  deposit  might  be  expected, 
especially  where  volcanic  eruption  had  previously  disturbed  the  sea- 
fioor  and  produced  all  degrees  of  inequalities  by  heaping  up  its 
ashy  flows  in  some  parts  more  than  in  others.  But  the  special 
difficulty  said  to  meet  us  in  the  case  of  the  Cassian  and  Wengen 
dolomite  of  South  Tyrol  is,  that  rocks  of  2000  feet  in  thickness  rise 
quite  suddenly  from  the  midst  of  sedimentary  earthy  beds,  and  show 
certain  curious  appearances  in  relation  to  them.  The  dolomite  rock 
seems  to  dovetail  at  its  extremities  into  the  marly  and  ashy  beds, 
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giving  rise  to  strange  anomalieB  in  the  geological  sucoession,  which 
could  only  be  explained  by  regarding  every  case  as  one  of  con- 
temporaneous deposition  of  different  classes  of  rock  very  close  to 
one  another,  so-called  '*  Heteropism."  Such  difficulties  can  only 
be  solved  by  stratigraphy,  and  to  that  we  must  turn  for  proof  of 
the  data  on  which  the  Coral  Reef  theory  rests. 

For  the  sake  of  clearness  in  writing,  we  prefer  to  use,  instead  of 
the  triple  term  applied  to  the  reef-doloraite  by  Mojsisovics,  the 
single  name  given  by  von  Richthofen,  of  "  Schlern  dolomite,"  *  from 
its  oharacteristio  occurrence  at  Schlern  Mountain,  south  of  the 
Groden  Valley. 

n.— Normal  Marine  Formations  of  Mid-Trias  in  the  Southern  Alps — 
Submarine  Volcanic  Action  in  Upper  Fassa  and  the  neighbouring 
districts — ^The  ''Dolomite  Reefis'*  of  Ikmeberg  and  Ampezzo 
correspond  to  part  of  the  Normal  Marine  Deposits  of  the  South. 

Whereas  during  the  Wengen  and  Cassian  period,  volcanic  activity 
was  rife  in  the  northern  part  of  the  area  covered  by  the  sketch-map, 
an  accumulation  of  marine  deposit  apparently  went  on  during  a 
steady  subsidence  of  the  sea-floor  over  the  southern  areas.  Great 
thicknesses  of  limestone  and  dolomite  represent  this  period  in  the 
Boathem  part  of  the  South  Tyrol,  and  in  the  Venetian  and  Berga- 
masker  Alps.  These  are  known  in  different  localities  as  Esino 
limestone,  Marmolata  limestone,  Schlern  dolomite.  The  fauna  is 
liable  to  great  variation,  but  includes  for  the  most  part  a  typical 
assemblage  of  Mollusca,  Echinoderms,  Corals,  and  Gyroporellas  (sea 
algsB).  This  we  may  regard  as  the  normal  oceanic  formation  of  the 
mid-Triassic  period  in  the  Southern  Alps. 

In  the  Upper  Fassa  and  Groden,  Enneberg  and  Ampezzo  districts, 
intermittent  outpourings  of  volcanic  matter  took  place  from  one  or 
more  submarine  craters,  associated  perhaps. with  the  proximity  of  this 
part  of  the  sea  to  pre-Triassic  land  of  Palaeozoic  and  crystalline 
rocks,  and  with  Triassic  earth-movement.  Be  that  as  it  may,  the 
southern  rocks  of  Schlern  dolomite,  Marmolata  and  Esino  limestones, 
were  clearly  collected  in  deeper  waters  than  the  contemporaneous 
deposits  immediately  to  the  north.  This  is  nowhere  better  seen  than 
at  Schlern  Mountain,  where  the  deep-sea  deposits  on  the  south  side 
of  Schlern  pass  rapidly  into  the  volcanic  lavas  and  shallow-water 
deposits  on  the  Seisser  Alpe  to  the  north.  According  to  von 
Richthofen's  original  interpretation  of  this  district,  the  upper  part 
of  the  "  Schlern  dolomite  "  of  Schlern  was  younger  than  any  of  the 
sedimentary  beds  on  the  Seisser  Alpe,  a  stratigraphical  fact  of 
general  import,  which  many  geologists  have  since  verified  at  this 
point. 

Following  an  irregular  line  eastward  and  south-eastward,  we 
may  trace  the  same  occurrence  of  stratigraphical  facies.  It  takes 
place  most  suddenly  where  the  Wengen  lavas  are  thickest,  i.e.  m 
Upper    Fassa.     The    dovetailing   of   the   dolomitic   and   calcareous 

^  Scblern  Dolomite.      Vide  von    Richthofen,   "  Geognostische  Beschreibung  der 
Umgegend  von  Predazzo,  St.  Cassian  und  der  Seisser  Alpe,'*  1860. 
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strata  with  volcanic  and  marly  beds  which  takes  place  along  this 
volcanic  zone  is  therefore  perfectly  comprehensible  in  the  light  of 
every-day  facts  of  deposition.  There  is  no  need  to  call  the  massifs 
of  Schlem,  Eosengarten,  Latemar,  Marmolata,  etc.,  "Coral  Reefs/' 
merely  because  a  thin  line  of  heteropic  division  may  be  traced 
between  these  two  areas  of  Triassic  rock  in  South  Tyrol.  More- 
over, the  local  recurrence  of  volcanic  activity  during  a  prolonged 
period  would  explain  the  continuance  of  different  conditions  in 
adjoining  districts.  While  a  simple  interpretation  such  as  the  above 
would  explain  one  of  the  main  features  of  Triassic  geology  in  South 
Tyrol,  it  may  be  objected  that  it  would  not  apply  within  the  volcanic 
district  itself,  for  it  is  in  Enneberg  and  Groden,  more  than  in  any 
other  part  of  South  Tyrol,  that  the  curious  suddenness  of  the 
**  Reefs  "  strikes  the  eye. 

As  I  have  said  in  a  previous  paper, ^  every  member  of  the  Triassio 
succession  in  South  Tyrol  presents  variations  in  its  thickness  when 
followed  from  place  to  place.  More  especially  is  this  true  of  the 
beds  from  Muschelkalk  to  Dachstein  Dolomite.  The  names  Cassian, 
Wengen,  and  Buchenstein  mark  different  horizons  in  a  series  of 
volcanic  lavas,  ashy  and  tufaceous  marls*  calcareous  marls  and  lime* 
stones,  which  may,  lithologically  considered,  be  united  as  one  series. 
This  series  represents,  no  doubt,  the  upward  continuation  of  Alpine 
Muschelkalk  much  as  the  Partnaoh  beds  do  in  North  Tyrol.'  Zones 
may  be  followed  in  which  certain  fossil  genera  predominate  in  the 
number  of  individuals  and  species;  but  the  palseontological  facts 
give  us  not  so  much  a  clear  succession  of  types  as  an  index  to  the 
facial  conditions  which  influenced  the  life  of  the  period. 

For  instance,  Halohia  Lommeli  is  a  fossil  bivalve  which  is  common 
in  tufaceous  beds  both  of  Buchenstein  and  Wengen  age ;  but  in 
Buchenstein  limestones  the  general  character  of  the  fauna  is  more 
like  that  of  the  Muschelkalk,  whereas  limestones  of  the  Wengen  age 
contain  the  remains  of  Corals  and  Echinoids  like  those  in  the  next 
following  Cassian  deposits.  Again,  Posidonomya  Wengensis  is  another 
bivalve  which  gradually  outnumbers  Halohia  Lommeli  in  tufaceous 
beds  belonging  to  upper  horizons  of  Wengen  beds,  and  it  is  a  fossil 
which  again  and  again  reappears  in  Cassian  time  always  associated 
with  the  same  lithological  character  of  deposit,  and  shewing  but 
slight  varietal  changes  in  its  outward  form.  It  is  one  of  these 
persistent  types  which  saw  the  birth  and  destruction  of  innumerable 
Bhoals  of  less  fortunate  species  and  genera  characteristic  of  the 
Cassian  limestones. 

In  the  district  of  Upper  Fassa  there  are  true  Augite  Porphyry 
lavas  of  Lower  Wengen  age,  which  appear  more  or  less  inter- 
stratified  with  grits  and  tuffs.  In  the  Enneberg  districts,  i.e. 
north  of  Upper  Fassa,  the  lavas  pass  into  black  earthy  tuffs  and 
crumbling  grits,  in  which  the  fauna  is  very  limited  and  fragments 

^  **  Contributions  to  the  Geology  of  the  Wengen  and  Cassian  Strata  in  South 
Tyrol,"  by  M.  M.  Ogilvie,'*  Quart.  Joum.  Geol.  Soc,  vol.  xlix.  p.  47,  February,  1893. 

'  **UeDer  die  Entwicklung  u.  Verbreitung  der  Partnachscnichten,"  etc.,  by  Dr. 
T.  SknphoB,  Jahrb.  der  k.k.  Geol.  BeichsauBtalt,  1893,  Bd.  43,  p.  178. 
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of  plants  are  of  frequent  occurrence.  Mojsisovics  has  proved  that 
these  invasions  came  from  a  suhraarine  volcano,  probably  in 
Upper  Fassa,  which  "lay  on  the  edge  of  the  district  of  greater 
Bul]«idenoe  "  to  the  south.  *'  In  Triassio  time,  as  we  are  taught  by 
the  history  of  the  Triassic  reef  masses,  a  certain  protraction  took 
place  in  the  subsidence  going  on  at  the  edge  of  the  insular  core  of 
older  rocks  to  the  north  as  compared  with  a  more  rapid  subsidence 
of  the  outer  r^ons"  (Mojsisovics,  "Die  Dolorait-Riffe  von  Siid- 
Tirol  und  Yenetien,"  p.  525).  We  may  naturally  suppose  that 
Augite  Porphyry  lavas  formed  irregular  ridges  on  the  disturbed 
sea-floor,  more  especially  near  the  eruptive  centre.  From  the 
beginning  of  this  period  we  trace  a  marked  difference  in  the 
deposits  and  fossil  remains  of  the  non-volcanic  and  volcanic  areas 
respectively  south  and  north  of  the  Upper  Fassa  ridge,  and  even 
considerable  variation  within  the  shallow  volcanic  sea  itself.  A 
representation  of  the  sea-floor  in  this  period  is  given  in  Diagram  I. 

Corals  found  abundant  "coigns  of  vantage"  and  were  aided  by 
Echinodermata  to  form  communities  of  organic  life,  often  prevented 
from  farther  growth  by  new  volcanic  invasions,  but  ever  and  anon 
settling  down  afresh.  The  remains  of  these  form  the  **  Cipit  blocks  " 
and  "Cipit  limestones,"  which  were  first  observed  by  von  liichthofen 
araid  Cassian  marls  on  the  slopes  below  Schlem.  Mojsisovics  recog- 
nized similar  limestones  appearing  intermittently  over  the  whole 
area  eastward.  I  have  given  special  attention  to  the  relations  of 
these  limestones  with  the  contemporaneous  rocks,  and  shall  at  once 
describe  the  more  interesting  results. 

lliey,  and  not  the  mountains  of  Sclilem  dolomite,  deserve  the 
name  of  "Coral  Eeefs"  in  South  Tyrol.  They  never  attain  any 
great  thickness ;  generally  in  highly  volcanic  periods  they  forme<l 
mere  isolated  blocks  composed  of  colonies  of  Corals  and  Echinoderms, 
and  closely  wedged  amongst  tuffy  marls.  In  less  volcanic  periods 
continuous  beds  spread  over  a  larger  area — sometimes  suddenly 
swelling  out  in  lenticular  fashion,  sometimes  perceptibly  thinning 
into  deposits  full  of  other  classes  of  animals.  Stratigraphically 
considered,  they  occur  as  the  equivalents  of  Cassian  and  Wengen 
strata,  and  in  a  less  degree  of  Schlem  dolomite  and  Kaibl  strata,  and 
they  follow  certain  fairly  definite  laws  of  distribution.  Diagrams 
I.  II.  and  III.  represent  successive  stages  in  the  history  of  the 
heteropic  deposition  in  South  Tyrol  during  this  part  of  the  Triassic 
era ;  Diagram  IV.  represents  approximately  the  occurrence  of  Cipit 
Ijimeetones  in  the  contemporaneous  series  of  rocks.  In  the  Upper 
Fassa  and  Schlem  districts  the  Cipit  or  reef- limestones  occur  at  various 
horizons  in  the  midst  of  volcanic  earthy  Wengen  beds,  or  associated 
with  sedimentary  beds  containing  Halobia  Lommeli,  Fostdonomya 
Wengensisj  etc.  They  continue  upwards  in  that  district  to  the 
base  of  the  Schlem  dolomite,  but  are  associated,  north  of  the 
Schlem  Mountain,  in  their  higher  horizons  with  characteristic 
Cassian  fossils. 

In  Groden  Joch  and  in  Enneberg,  the  Cipit  Limestones  do  not 
make  their  appearanoe  until  the  Wengen  beds  are  giving  plaoe  to 
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Cassian.  The  blook-like  Btruoture  observed  in  the  Schlem  and 
Fassa  distriot  beoomes  less  prominent  in  Enneberg,  and  we  are 
rather  presented  with  thick  unevenly  bedded  limestones  full  of 
Cidaris  spines  and  Theoosmilian  Corals,  more  rarely  with  Braohio- 
pods  and  small  Mollusca. 

These  are  immediately  succeeded  in  Enneberg  by  the  great 
mass  of  thinly -bedded  typical  Cassian  beds.  The  latter,  therefore, 
correspond  on  Stuores  meadows  to  the  upper  part  of  the  Cipit 
Limestones  of  the  Seisser  Alpe  and  Sella  Joch,  and  to  some  part  of 
the  lower  horizons  of  Schlem  dolomite  at  Schlem,  and  at  Sella  and 
Sasso  Pitschi.  Sometimes  the  outpouring  of  volcanic  material, 
which  was  constantly  recurring  in  Upper  Fassa,  caused  the  sudden 
disappearance  of  the  rich  fauna  of  Enneberg.  During  the  short 
periods  of  disturbed  deposition  which  then  ensued,  Echinodermata, 
even  more  than  Corals,  peopled  the  seas. 

Thin  beds  of  Limestone  were  thus  formed  at  intervals  amid 
tufaceous  sediments  of  Cassian  age,  but  the  main  thickness  of 
Cassian  beds  in  Enneberg  is  composed  of  soft  marls  and  limestones 
full  of  the  remains  of  Braobiopods,  Mollusca,  and  many  species  of 
non-reef-building  Corals.  This  fauna  lived,  I  believe,  in  an  inner 
area  of  quiet  water,  secluded  from  the  Southern  Ocean  by  the  Cipit 
reefs  and  volcanic  rocks,  some  deeper  channels  being  left  free. 

Whereas  the  Wengen  and  Cassian  beds  retain  their  tufaceous 
character,  in  greater  or  less  degree,  throughout  the  whole  distriot  of 
Enneberg,  they  show  it  much  less  in  the  corresponding  deposits  of 
Ampezzo.  Fine,  unfossiliferous  shales  and  clays  take  the  place 
of  the  tufaceous  grits,  and  although  Corals  and  Sponges  occur  in 
hard  limestones  of  Cassian  age,  they  are  seldom  in  sufficient  magni- 
tude to  form  any  appreciable  reef-like  thickening.  The  same  is 
true  of  the  northern  or  "  Abtey "  part  of  Enneberg,  and  of  the 
deposits  of  Seeland  Valley  and  Misurina,  north-east  of  Ampezzo. 
Hence  Cipit-Limestone  building  flourished  most  in  the  volcanic 
areas  of  Groden  and  Upper  Fassa.  I  observed,  however,  in  the 
higher  horizons  of  Cassian  strata  at  Ampezzo  thick,  reef-life 
extensions  of  Limestones,  mostly  one  mass  of  the  spines  of 
Cidaris  ffausmanni.  They  form  bands  of  rock  between  softer 
beds,  and  are  present  as  well  in  the  undisturbed  series  below  the 
Schlem  dolomite  of  Lagazuoi  as  in  the  disturbed  succession  near 
the  small  Lago  Majorera  to  the  east  (close  to  the  Falzarego  road). 
The  stratigraphical  facts  afford  evidence  that  the  Cassian  marls  are 
both  in  Enneberg  and  Ampezzo  succeeded  by  a  dolomitic  rock,  and 
never  conformably  by  fossil iferous  Raibl  sandstones  and  marls. 
As  might  be  expected  from  the  occurrence  of  an  upper  palseontological 
zone  of  Cassian  beds  in  the  Ampezzo  districts  (Upper  Cassian — vide 
M.  M.  Ogilvie,  loc,  cit,  pp.  46,  47),  the  dolomite  rock  which  succeeds 
Cassian  strata  did  not  everywhere  begin  to  be  deposited  at  the 
same  time. 

In  the  south-west,  where  a  true  marine  formation  had  been  con- 
tinued throughout  the  Wengen  and  Cassian  period,  the  deposit  has 
only  sometimes  a  stratified  appearance.     Mojsisovios  has  ascribed 
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lome  parts  of  the  Latemar  and  the  mountains  still  further  west  to 
i  lagoon  formation ;  but  he  describes  a  large,  originally  continuous, 
dolomite  mass,  '*  with  the  Schlem  for  the  most  northerly,  and  the 
Piz,  near  Sagron,  for  the  most  southerly  point/'  as  an  immense 
Beef.  The  Marmolata  Mountain  and  the  Mount  Alto  de  Pelsa  "  are 
two  important  oontinuations  of  this  mass,  jutting  out  in  peninsular 
fashion  into  the  eastern  district"  {vide  **  Horizontal  Extension  of  the 
Dolomite  Reefs  in  Lower  Wengen  Time/'  Mojsisovics,  loc,  cit,  p.  482). 
In  the  case  of  Schlem,  where  the  upper  part  of  this  rock  is  stratified 
and  the  lower  apparently  unstratified,  we  are  told  that  the  lower 
part  is  Coral  Beef,  the  upper  part  is  lagoon  deposit  But  in  many 
portions  of  this  western  **  Reef,"  it  has  been  proved  that  the  remains 
of  algse  and  mollusca  form  the  important  part  of  the  deposit. 
Whether  stratified  or  unstratified,  there  is  no  reason  why  the  Schlem 
dolomite  of  this  Western  '*  Reef  "  should  not  be  regarded  throughout 
simply  as  a  lagoon  and  marine  formation.  In  no  single  case  has  it 
been  proved  that  reef-coral  continuously  built  vertical  cliffs  of  Coral 
Fock  during  the  mid-Triassic  period  of  subsidence  represented  by 
Esino  limestone,  Schlem  dolomite,  eta 

This  typical  calcareous  or  dolomitio  rock  in  the  south-west  of  the 
district  succeeds  in  the  northern  and  eastern  areas,  in  greater  or 
smaller  thickness,  the  volcanic  series  and  the  marls  and  limestones 
of  Wengen  and  Cassian  age,  gradually  succeeding  the  upper  horizons 
of  the  series  towards  Enneberg  and  Ampezzo.  The  so-called  Schlem 
dolomite  **  Reefs "  of  these  areas  can  never  be  said  to  be  contem- 
poraneous with  the  marls  at  their  own  base  unless,  as  in  the  case 
of  the  Schlem  Mountain,  denudation  has  allowed  the  rock  to  remain 
standing  over  such  an  extensive  area  that  the  dolomite  of  one  portion 
is  contemporaneous  with  the  marls  underlying  the  dolomite  further 
north.  To  express  the  same  fact  somewhat  differently,  the  foHsil- 
iferous  marls  and  limestones  of  Enneberg  were  not  laid  down  against 
Coral  cliffs,  but  form  a  deposit  belonging  to  a  definite  palsBontological 
horizon,  and  succeeded  by  a  dolomitio  or  calcareous  rock  of  marine 
or  lagoon  formation.  For  this  dolomitio  or  calcareous  rock  between 
the  fossiliferous  deposits  of  ascertained  Cassian  and  Kaibl  age  in 
the  Enneberg  and  Groden  district,  it  is  best  to  preserve  the  name 
of  Schlem  dolomite,*  as  no  sufficient  faunal  distinction  has  yet  been 
carried  out  between  different  horizons  of  the  said  dolomitio  rock  in 
the  south-western  area  of  its  complete  development. 

I  must  refer  the  reader  to  my  sections  and  maps  already  published 

for  further  proofs  of  the  conformable  succession  of  Schlem  dolomite 

on  the  Cassian  beds  in  Enneberg.    I  shall  now  recapitulate  the  main 

conclusions  which  may,  I  think,  be  drawn  from  what  I  have  already 

stated : — 

1.  The  frequent  occurrence  of  Coral  remains  in  the  "dolomite*'  country  is  a  fact, 
often  repeateil,  but  somewhat  vapuely  applied,  bearing  with  it  no  evidence  whatever 
of  the  Coralline  origin  of  the  '*  dolomites"  themselves. 

*  Schlem  dolomite :  In  using  the  expression  "  dolomitio  or  calcareous  rock  **  I 
^sh  to  take  nothing  for  granted  as  regards  the  original  or  subsequent  doh)mitization 
of  the  rock.      This  question  is  outside  the  immediate  interests  of  the  paper. 
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2.  The  Coral  remains  occur  lometimes  in  isolated  blocks,  sometimes  in  large 
clumps  of  rock  perforated  by  Theeoamilia  species  of  Coral,  and  often  full  of  fragments 
of  Echinoderms.  These  blocks  or  clumps  occur  in  the  midst  of  fine  volcanic 
mud,  or  the  calcareous  and  dolomitic  matter  of  the  contemporaneous  marine  sediment, 
and  form  more  or  less  continuous  beds  with  lenticular  reef-like  expansions.  The 
name  they  go  by  is  *'  Cipit  Limettonety'*^  and  they  vary  from  10  feet  to  150  feet  in 
thickness. 

3.  ''Cipit  Limestones"  are  of  episodal  occurrence  throughout  the  mid-Triassic 
era,  appearing  at  entirely  irregular  horizons  of  all  Triasnic  strata  between  the 
Muschelkalk  and  Dachstem  dolomite.  At  the  same  time,  in  the  area  under  dis- 
cussion, there  is  one  horizon  pre-eminent  for  the  interbedding  of  Cipit  Limestones, 
that  is,  the  Cassian. 

4.  In  its  lithological  character  and  faunal  distribution,  the  Wcngen  and  Cassian 
period  shows  marked  heteropism.  While  in  deeper  seas  alg®  grew  and  Mollusca 
prevailed,  there  was,  not  far  from  the  island  coasts  of  the  mid- Alpine  core  of  rocks, 
a  zone  of  submarine  volcanic  eruption.  Lavas  and  ashes  were  swept  intermittently 
over  the  sea-floor.  Along  the  hem  of  this  volcanic  girdle  communities  of  Corals 
and  Echinoderms  settled  and  formed  a  series  of  small  barrier  reefs  (Cipit 
Limestones),  frequently  interrupted  in  their  growth  by  fresh  lavas.  On  the  outer, 
seaward  side,  marine  deposits  continued  to  increase  in  thickness  over  a  sinking 
basin ;  on  its  inner  side,  at  first  only  a  few  mud-loving  species  of  JfahbiOy  PosithnO' 
tnya^  etc.,  could  exist,  but  later  the  Cassian  fauna  enjoyed  a  varied  and  rapid 
development,  and  lived  on  good  terms  with  the  Reef-fauna  of  the  Cipit  Limestones. 

6.  The  fossiliferous  marls  and  Cipit  Limestones  of  Cassian  age  in  Enneberg  are 
succeeded  by  a  calcareous  and  dolomitic  rock,  which  is  of  the  same  age  as  the  upper 
horizons  of  the  calcareous  and  dolomitic  marine  deposits  of  mid-Triassic  age  in  the 
south  and  south-west.  Taking  one  or  two  parallel  lines  of  section  north  and  south 
through  the  inner  Cassian  belt  of  deposit,  we  find  that  Schlem  dolomite  succeeds, 
in  the  west  or  Groden  area,  an  extremely  irregular  submarine  relief  of  volcanic, 
sedimentary,  and  reef -rocks  of  Wengen  and  Cassian  age ;  in  the  Enneberg  area  it 
succeeds  reef -rocks  and  the  famous  fossiliferous  Cassian  marls  of  Stuores  meadow ; 
in  the  Ampezzo  and  easterly  regions  it  succeeds  reef-rocks  and  fossiliferous  marls, 
belonging  to  a  somewhat  later  palsBontological  zone.  Upper  Cassian. 

6.  Contemporaneous  faulting  and  volcanic  action  were  the  cause  of  mid-Triassic 
heteropism  in  South  Tyrol. 

Henoe,  bo  far  as  poBitive  evidence  goes,  the  Coral  rocks  of  South 
Tyrol  in  the  Wengen  and  Cassian  period  are  not  the  majestio 
mountain  massifs  of  dolomite,  but  much  less  obtrusive,  lenticular 
masses  of  limestone.  And  one  general  law  may  be  said  to  govern 
the  Wengen  and  Cassian  period  in  Groden,  Enneberg,  and  Ampezzo, 
a  wandering  north-eastwards  of  the  Wengen  and  Cassian  fauna 
(including  the  special  reef-fauna  of  the  Cipit  Limestones)  consequent 
on  the  cessation  of  volcanic  activity  along  the  immediate  southern 
boundaries  of  the  Cassian-Enneberg  sea,  and  the  increasing  sub- 
sidence of  these  areas.  During  the  subsiding  movement,  sea  algao 
and  large  Mollusca  pressed  northward.  The  shallow-water  Cassian- 
Enneberg  fauna,  no  longer  enjoying  the  same  favourable  conditions 
as  before,  retreated  into  more  and  more  limited  localities  and 
gradually  gave  place  to  its  lineal  descendants,  the  shallow-water 
fauna  of  Raibl  times.  This  transitional  period  paved  the  way  for 
the  complete  recovery  of  normal  conditions  in  Fassa,  Groden,  and 
Enneberg.  As  Mojsisovics  has  said,  South  Tyrol  in  Raibl  times 
**  participated  once  more  in  the  general  movements  of  Alpine  areas." 

{To  be  eonehtded  in  our  next  Number,)    ' 
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ProlecaniUs  compresstis,  J,  Sby.  sp. 
Figs,  r-5.  Carboniferous  Limeslone,  near  Cork,  Ireland. 
hto.  6.  Carboniferous  Limestone,  Scaikt,  U\e  ot  'VXan. 
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II.— Om  th»  Identitt  of  Ellipsolites  compressus,  J.  Sowerby, 
WITH  Ammosetes  Hexslowi,  J.  Sowerby. 

fiyABTHUK  H.  FooBD,  F.6.S.)  of  the  Royal  Dablin  Society,  Dublin;  and 

O.  C.  Crick,  Assoc.R.S.M.,  F.G.S., 
Aasiatant  in  the  Geological  Department,  British  Museum  (Nat.  Hist.). 

(PLATE  I.) 

(i.)  Introduction, 

VLLIPSOUTES  COMPRESSUS,  J.  Sowerby  (Min.  Con.  vol.  i. 
p.  84,  pi.  xxxviii.  1813),  has  been  hitherto  usually  regarded  as 
a  Nautiloid,^  and  referred  either  to  Nautilus  or  to  Discites. 

During  an  examination  of  the  colleotion  of  Mr.  Joseph  Wright, 
of  Belfast,  by  one  of  the  present  writers,  a  fossil  from  the  same 
horizon,  and  almost  the  same  locality  as  the  type-specimens  of 
EUipsolite»  compressus  of  J.  Sowerby,  was  observed,  so  much  re- 
Bembling  Sowerby's  species  (but  exhibiting  also  the  character  of 
the  Butnre-line)  that  a  comparison  with,  and  a  re-examination  of, 
Sowerby's  types  was  suggested. 

Mr.  Wright  has  very  kindly  lent  us  this  fossil,  so  that  we  have 
been  enabled  to  compare  it  closely  with  Sowerby's  figured  specimens, 
both  of  which  are  in  the  British  Museum  (Natural  History),  and  we 
would  take  this  opportunity  of  returning  to  Mr.  Wright  our  sincere 
thanks  for  the  loan  of  his  specimen,  which  has  served  to  throw 
much  light  upon  the  character  of  Sowerby's  species. 

When  describing  his  species,  Sowerby  was  evidently  unacquainted 
with  the  suture-line,  for,  in  speaking  of  the  larger  of  the  two  speci- 
mens which  he  figured,  he  says  *^  the  crystallization  seems  to  have 
lielped  to  obliterate  the  chambers,  if  there  were  any,"  and,  in 
referring  to  the  smaller  of  the  two  specimens,  he  says  nothing 
whatever  about  the  septa.  After  very  careful  examination  we  have 
not  been  able  to  detect  any  trace  of  septa  in  the  larger  specimen, 
but  in  the  smaller  example  the  suture-line  is  somewhat  indistinctly 
visible  at  about  the  commencement  of  the  last  whorl. 

(ii.)  Description  and  determination  of  a  specimen  in  the  collection  of 

Mr.  Joseph  Wright,  Belfast. 

Mr.  Wright's  specimen  is  considerably  larger  than  the  larger  of 
the  two  specimens  figured  by  Sowerby,  which,  by  the  way,  is  a  little 

'  Xautibts  c&mpretms,  J.  Fleming,  Brit.  Anira.,  1828,  p.  231  ;  id.  De  la  Bechc, 

Zoological  Manual,  1831,  p.  448;  id.  Goldfiiss,  in  v.  Dechen*8  Handb.  d.  Geognosie, 

I'iSi,  p.  536;    id.  T.  Weaver,  Trans.  Geol.  Soc.  [2],  vol.  v.  1837,  p.  22;    td.  L. 

^1,'aMiz,  in  E.   Desor*8  Translation  of  Sowerby's  Min.  Con.  1842,  p.  27  ;    id.  K. 

Griffith,  Notice  respecting  the  Fossils  of  the  Mountain  Limestone  of  Ireland,  as 

ff^nipared  with  those  of  Great  Britain,  and  also  with  the  Devonian  System,  1842, 

P-21;  id.  A.  D'Orbigny,  Trod,  de  Paleont.,  vol.  i.  1850,  p.  110;  id.  C.  G.  Giebel, 

^aiina  der  Worwelt,   vol.  iii.    1852,    p.   178;    NautilHs  {Discites)   compressus,   J. 

Worn;}.   Cat.    Brit.   Foss.,  2nd  ed.   1854,  p.   308;    Nautilus  compressus,   L.-G.  de 

^('DJnck,   Faune  du  Calcaire  Carbonifere  de  la  Belgique  (Annales  du  Mus.  Boy. 

'^'Hi'St.  nat.   de  Belgiuue,  vol.   ii.),   pt.  i.  1878,   p.  122;   Discites  compressus,  II. 

^^hmdfye.  Fossils  of  the  Brilish  Islands,  vol.  i.  ralaeozoic,  1888,  p.  310;  id.  A.  II. 

^'^rd   Cat.  Foss.  Ceph.  Brit.  Mus.  (Nat.  Hist.),  vol.  ii.  1891,  pp.  86  and  91 ;    id. 

^  fl/Foord  and  G.  C.  Crick,  Geol.  Mao.  Dec.  III.  Vol.  X.  1893,  p.  253. 
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larger  than  the  figure.  It  in  somewhat  elliptical,  its  diameters  being 
172  mm.  and  142  mm.  respeotiTelj.  It  was  obtained  from  the 
Carboniferous  Limestone  6f  Little  Island,  Queenstown  Harbour, 
opposite  Blackrook,  the  locality  which  yielded  Sowerby's  types. 

The  sides  of  the  whorls,  especially  in  the  septate  portion  of  the 
shell,  are  flattened,  feebly  convex,  their  greatest  convexity  being  at 
about  the  middle  of  the  lateral  area ;  the  sides  of  the  body -chamber 
are  slightly  inflated.  In  the  outer  whorl  the  portion  of  the  lateral 
area  adjoining  the  periphery  becomes  somewhat  concave.  The 
periphery  is  flattened,  and  bounded  on  either  side  by  a  subangular 
edge ;  at  the  commencement  of  the  outer  whorl  the  periphery  is 
rather  convex  in  the  centre  and  somewhat  concave  between  the 
centre  and  the  subangular  border.  As  the  shell  increases  in  size 
the  peripheral  area  becomes  more  flattened,  and  its  edges  more 
prominent  (see  Fig.  4),  so  that  the  concavity  of  the  portion  of 
the  lateral  area  adjoining  the  periphery  becomes  more  pro- 
nounced. Rather  more  than  three  and  a  half  whorls  can  be 
counted,  but  the  central  portion  of  the  fossil — i.e,  up  to  the  point 
where  the  diameters  of  the  shell  were  11  mm.  and  9  mm.  respectively 
— is  wanting.  The  inner  area  of  the  whorl  is  well  defined,  and 
slopes  towards  the  umbilicus;  this  slope  has  probably  been  increased 
by  the  distortion  which  the  specimen  has  suffered  owing  to  the 
cleavage  of  the  rocks  in  which  it  was  imbedded.  The  slope  is 
apparent,  though  less  distinctly  marked  on  the  body-chamber,  and 
where  the  shell  is  absent  this  inner  area  is  scarcely  defined  on  the 
cast. 

The  latter  half  of  the  outer  whorl  is  occupied  by  the  body-chamber; 
it  bears  only  fragments  of  the  shell.  One  side  of  the  septate  portion 
of  the  specimen  is  covered  by  the  test  This  exhibits  an  almost 
perfectly  smooth  surface;  there  are  no  traces  of  longitudinal  lines  on 
any  of  the  inner  whorls.  On  the  last  part  of  the  septate  portion, 
that  is,  on  the  first  half  of  the  outer  whorl,  there  are,  however,  very 
faint  indications  of  fine  transverse  curved  lines  sweeping  forward 
near  the  periphery.  A  constriction  near  the  commencement  of  the 
last  whorl  follows  the  course  of  these  transverse  lines,  and  doubtless 
indicates  the  form  of  a  previous  aperture.  The  form  of  the  con- 
striction cannot  be  clearly  made  out  on  the  periphery.  The  other 
side  of  the  last  half  whorl  of  the  septate  portion  is  denuded  of  the 
test,  so  that  the  septa  are  shown  very  distinctly. 

Some  fragments  of  the  test  remaining  on  the  body-chamber  are 
very  well  preserved.  They  show  that  on  the  lateral  area  of  the 
body-chamber  the  test  was  nearly  smooth,  marked  only  with  fine, 
subregular,  faintly-incised  lines  about  one  millimetre  apart  (see 
Fig.  3),  which  extend  in  an  almost  radial  direction  over  the  middle 
portion  of  the  side  of  the  whorl  and  sweep  forward  as  they  approach 
the  periphery,  meeting  the  margin  of  the  latter  at  an  angle  of  about 
60^,  and  forming  on  the  subangular  margin  prominent  imbricating 
lines.  These  fine  lines  cross  the  inner  area  of  the  portion  of  the 
whorl  forming  the  body-chamber  in  a  rather  shallow  curve,  concave 
forwards. 
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Owing  to  a  fracture,  a  portion  of  the  cast  of  the  body-chamber  can 
be  detached  from  the  rest  of  the  specimen.  Its  anti-peripheral  side 
displays  a  concave  impressed  zone,  bounded  on  either  side  by  a 
rounded  ridge,  which  bears  a  very  shallow  longitudinal  groove. 
Where  denuded  of  the  test  this  anti-peripheral  area  shows 
"  epidermids,"  which  on  the  concave  portion  have  the  form  of 
Bhort,  rather  coarse,  interrupted,  transverse,  impressed,  wavy  lines, 
but  at  the  ridges  ■  on  either  side  they  become  much  finer  and  more 
pit-like.  The  condition  of  the  fossil  is  such  that  these  epidermids 
cannot  be  definitely  made  out  on  the  sides  of  the  body-chamber; 
bat  on  the  periphery,  near  its  subangular  margin,  their  punctate 
character  can  be  distinctly  seen. 

The  character  of  the  septa  (see  Fig.  5)  suggested  at  once  a 
comparison  with  such  forms  as  *'  Ammonites  JTenslowi/*  J.  Sowerby,^ 
and  '*  Goniatite»  vinctum"  J.  de  0.  Sowerby.' 

The  type  of  the  latter  species,  from  the  Upper  Devonian  of 
Sonth  Petherwin,  Cornwall,  is  in  the  Wood  ward  ian  Museum, 
Cambridge,  but  according  to  Sowerby's  figure  its  suture-line  differs 
from  that  of  Mr.  Wright's  specimen  in  having  fewer  lobes  on  the 
Uteral  area. 

One  of  the  specimens  of  '*  Ammonites  Henslowi**  figured  by  Sowerby 
is  also  in  the  Woodwardian  Museum,  Cambridge,  and  there  are 
some  examples  of  the  species  in  the  British  Museum  (Natural 
History).  A  specimen  in  the  Sowerby  collection  in  the  latter 
Museum,  although  a  cast  and  partly  imbedded  in  matrix,  exhibits 
the  convex  periphery  with  a  small  portion  of  shell  adhering  to 
the  periphero-lateral  margin,  Indicating  the  former  presence  of-  a 
prominent  ridge  at  this  part 

The  writers,  however,  are  greatly  indebted  to  Miss  C.  Birley, 
of  Manchester,  for  the  loan  of  an  interesting  series  of  examples, 
whereby  most  of  the  characters  of  this  species  are  clearly  shown. 
All  these  specimens  are  casts  and  exhibit  no  trace  whatever  of  the 
shell- structure. 

A  comparison  with  these  specimens  showed  that  the  septa  of  Mr. 
Wright's  example  agree  perfectly  with  those  of  Sowerby's  species 
(see  Fig.  6),  and  the  general  characters  of  the  shell  also  agree.  In 
Sowerby's  species  the  sides  of  the  whorls  are  flattened,  but  they 
have  their  greatest  convexity  at  about  the  middle  of  the  lateral  area 
as  in  Mr.  Wright's  specimen.  The  subangular  edges  of  the  peri- 
pheral area  are  shown  only  at  one  part  of  Sowerby's  specimen, 
bat  an  example  of  his  species  in  the  Sowerby  Collection  in  the 
British  Museum  (Nat.  Hist)  exhibits  this  character  and  they  are 
particularly  well  shown  in  two  of  Miss  Birley's  specimens.  This 
character  appears,  however,  to  be  seen  usually  only  in  specimens 
which  have  a  portion  of  the  body-chamber  preserved,  for,  whilst  an 
example  of  more  than  180  mm.  in  diameter,  but  consisting  only  of 

'  Min.  Con.,  vol.  iii.  p.  Ill,  pi.  262,  April,  1820.  Sowerby  figures  two 
Bpeciinens ;  that  represented  in  the  upper  figure  is  in  the  Woodwardiau  Museum, 
Cambridge  ;  the  whereabouts  of  the  other  specimen  is  unknown  to  the  present 
writers.  *  TranjB.  Geol.  JSoc.  [2],  vol.  v.  pi.  64,  fig.  18. 
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the  septate  portion  of  the  sbell,  does  not  display  the  subangalar 
character  of  the  peripheral  ed^es,  the  two  specimens  which  exhibit 
this  character  best  are  only  138  mm.  and  145  mm.  in  diameter  respec- 
tively. The  same  two  examples  show  also  the  concavity  of  tbe 
portion  of  the  lateral  area  of  the  whorl  adjoining  the  peripheral 
region  as  well  as  the  inflation  of  the  sides  of  the  body-ohamber 
observable  in  Mr.  Wright's  specimen. 

There  cannot,  therefore,  be  any  doubt,  we  think,  as  to  the  species 
to  which  Mr.  Wright's  specimen  must  be  referred.  It  dearly 
belongs  to  the  species  which  Sowerby  described  as  Ammonitei 
Henslowi, 

(iii.)   Comparison  of  Mr.  Wright* s  specimen  with  Sovoerhy's  type$  of 

Elltpsolites  compressus. 

J.  Sowerby  figured  two  specimens  to  illustrate  his  species  ElUp- 
Bolites  compressus ;  as  we  have  already  stated,  both  figured  specimens 
are  in  the  Sowerby  Collection  in  the  British  Museum  (Natural 
History).  In  the  larger  of  these  specimens  we  have  failed  to  find 
any  trace  of  the  septa,  but  tbe  general  characters  of  the  shell — its 
e volute  form;  the  wide  umbilicus;  tbe  sbape  of  the  whorls,  the 
form  of  the  periphery,  the  flattening  of  the  sides,  their  feeble  con- 
vexity and  the  position  of  their  greatest  convexity,  the  nature  of 
the  inner  margin — agree  so  closely  with  those  of  Mr.  Wright's 
specimen,  that  there  cannot,  we  think,  be  any  doubt  of  their 
identity. 

In  the  small  specimen  figured  by  Sowerby  the  suture-line  is  some- 
what indistinctly  visible,  as  we  have  already  remarked,  at  about  the 
commencement  of  the  outer  whorl.  When  this  is  compared  with  the 
suture-line  on  the  inner  whorl  of  a  large  specimen  of  ''  Ammonitei 
Henslowi "  at  a  point  where  the  diameter  of  the  shell  is  about  the 
same  as  that  at  the  place  where  the  suture-line  is  seen  on  the  speci- 
men, the  two  are  found  to  closely  resemble  each  other.  The  nature 
of  the  surface  of  Sowerby's  specimen,  however,  does  not  enable 
UB  to  follow  its  suture-line  as  well  as  we  could  wish,  but  the  small 
specimen  agrees  so  well  in  its  general  form  and  rate  of  increase 
with  the  larger  specimen  figured  by  Sowerby,  and  moreover  is 
from  the  same  locality,  that  it  is  most  probable  they  are  examples 
of  the  same  species. 

The  smaller  of  the  two  specimens  has  some  resemblance  to 
M*Coy's  figure  of  Ooniatites  discus.^  In  the  "  [Sir  Eichard]  Qriffith 
Collection  "  of  the  Museum  of  Science  and  Art,  Dublin,  there  is  an 
example  of  this  species  which  agrees  so  well  with  McCoy's  figure 
(except  that  the  figure  is  reversed)  as  to  size,  form,  and  even  the 
fracture  of  the  end  of  the  last  whorl,  that  it  may  be  M*Coy's  type, 
although  there  is  no  information  with  the  specimen  to  that  effect 
It  is  a  natural  cast,  partly  buried  in  matrix.  Although  a  portion  of 
the  surface  of  the  fossil  has  been  ground  away  to  show  the  suture- 
line,  this  was  still  somewhat  indistinct,  but  by  slightly  polishing  the 

1  F.  M*Co7,  Synopsis  of  the  Characters  of  the  Carboniferous  Limestone  Fossils  of 
Ireland,  1844,  p.  18,  pL  ii  fig.  6. 


Rord  and  Crick — On  Proleeaniies  eompre$9U9.  15 

apeoimen  at  the  point  where  the  sature-line  was  seen  to  be  preeent, 
after  very  carefol  examination  we  have  been  able  to  satisfy  ourselves 
that  the  first  hUeral  lobe  is  not  divided,  as  McCoy's  figure  indicates, 
bat  that  it  terminates  in  a  single  point;  and  farther,  that  the 
peripheral  (or  external)  lobe  is  not  V-shaped,  as  M'Goy  represents, 
but  that  it  is  shaped  somewhat-like  the  lateral  lobes,  being  slightly 
oontracted  above,  expanded  below  and  terminating  in  a  rather  acute 
point.  We  notice  that  at  one  part  of  the  specimen  the  peripheral 
lobe  appears  to  be  V-shaped,  but  the  posterior  portion  of  the  lobe  is 
not  sharp,  and  the  whorl  has  here  been  ground  away  to  a  depth  of 
more  than  one-half  of  a  millimetre,  a  considerable  amount,  since 
the  height  of  the  whorl  when  complete  was  only  nine  millimetres. 

In  all  the  specimens  of  "  Ammonites  Henslowi"  that  we  have  been 
able  to  examine,  the  peripheral  lobe  is  V-shaped,  but  as  we  have 
not  been  able  to  observe  the  periphery  of  a  young  shell,  t.e.  of  a 
shell  of  about  the  same  diameter  as  M 'Coy's  Goniatites  discus,  we 
cannot  say  if  at  thb  age  the  peripheral  lobe  is  V-shaped  or  if  it  has 
the  form  of  the  lateral  lobes,  as  in  M 'Coy's  species. 

Although  the  latter  is  evidently  closely  allied  to  Sowerby's  species, 
M'Coy*s  G,  discus  appears  to  have  been  not  only  a  less  rapidly 
increasing,  but  also  a  smaller  shell,  for  in  the  specimen  above 
referred  to,  which  is  about  42  mm.  iu  diameter,  about  one-third  of 
the  last  whorl  is  occupied  by  the  body -chamber. 

We  do  not  think  it  possible  that  Sowerby's  EUipsoUtes  compressus 
can  be  a  badly -preserved  specimen  of  what  he  later  on  described  as 
Nautilus  complanatuSj^  from  the  Carbouiferous  Limestone  of  Scarlet 
in  the  Isle  of  Man,  for,  in  describing  the  latter  shell,  Sowerby  states 
that  the  periphery  is  rounded,  and  it  must  be  observed  that  liis  type 
has,  according  to  his  figure,  a  large  portion  of  the  body-chamber 
preserved.  Further,  iu  the  latter  species  the  greatest  thickness  of 
the  whorls  is  at  the  margin  of  the  umbilicus,  whereas  in  EUipsoUtes 
compressus  it  is  at  about  the  middle  of  the  lateral  area. 

We  arrive,  therefore,  at  the  conclusion  that  Mr.  Wright's  specimen 
is  specifically  identical  with  the  two  examples  figured  by  Sowerby 
as  EUipsoUtes  compressus,  and  that  all  three  specimens  are  examples 
of  the  species  which  Sowerby  described  later  as  Ammonites  Henslowi, 

(iv.)   Observations  on  the  Name  of  the  species. 

Having  established  the  identity  of  Sowerby's  EUipsoUtes  compressus 
with  his  Ammonites  Henslowi,  it  remains  for  us  to  ofifer  some  remarks 
upon  the  name  of  this  shell. 

(a).  First  as  to  the  genus  : — 

In  the  first  place  we  will  consider  the  name  EUipsoUtes  compressus. 

The  genus  IJllipsoUtes  was  founded  by  Denys  de  Montfort'  in 
1808,  his  type  being  E,  funatus,  a  cretaceous  Ammonite  from  Mount 
St  Catherine,  near  Kouen.  To  de  Montfort's  genus  Sowerby  referred 
three  species  from  the  Carboniferous  Limestone,    Blackrock,  near 

*  Min.  Con.,  vol.  iii.  1820,  p.  109,  pi.  261.  The  type -specimen  is  in  the 
Woodwardian  Museum.  Cambridge. 

*  CoQcbyliologie  syst^matique,  1808,  vol.  i.  p.  86. 
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Cork,  viz.  H,  funatua,^  E.  ovaius,^  and  E,  compreaaus*  regarding  the 
first,  although  from  the  Carboniferous  Limestone,  as  specifically 
identical  with  de  Montfort's  type.  The  suture-line  of  J?.  eompre$$uif 
not  to  speak  of  the  other  two  species,  excludes  it  absolutely  from 
de  Montfort's  genus. 

De  Haan,*  in  1825,  placed  ^owerby's  E,  eompressua  in  the  com- 
prehensive genus  Flanulitea,  Montf.*  (or,  as  he  preferred  to  spell  it, 
Planites),  but  even  if  this  name  be  retained  in  a  restricted  sense, 
de  Montfort*s  type  difl'ers  so  considerably  from  Sowerby'a  apeciea 
that  the  two  cannot  be  placed  in  the  same  genus. 

In  1831  Parkinson,'  observing  that  "  two  very  different  shells 
have  [had]  been  placed  under  the  genus  EUipsolHkes  (Sowerby), 
both  oval  and  discoidal  shells;  but  one  possessing  the  involved 
whirls  and  the  plain  septa  of  Nautilus,  and  the  other  the  whirls, 
apparent  on  both  sides,  and  the  winding  septa  of  Ammonites,** 
divided  the  genus,  and  gave  the  name  NauteUipsites  to  the  former, 
referring  to  it  (pi.  vi.  fig.  3)  the  E,  ovatus,  J.  Sowerby,  and  the 
name  Ammonellipsites  to  the  latter,  referring  to  it  the  E,  funatus  and 
-E*.  compressus  of  Sowerby,  the  figure  of  his  type  (pi.  vi.  fig.  4)  of 
this  division  probably  representing  Sowerby's  E,  funatus.  Even  if 
Parkinson's  name  Ammonellipsites  be  retained,  it  must  be  used  for 
the  group  of  shells  allied  to  E  funatus  of  Sowerby,  a  shell  which 
differs  considerably  from  Sowerby's  E,  compressus. 

Miinster^  prefaces  the  description  of  his  Ooniatites  spurius  with 
the  remark,  "near  to  Ellipsolites  compressus f  Sowerby  Tab.  38," 
and  Bronn  in  his  ''Index  Palaeontologicus "  (p.  545)  regards 
Sowerby*s  E.  compressus  as  a  synonym  of  Miinster's  Qoniatites 
spurius ;  but  Miinster's  description  of  the  suture-line  of  the  latter 
suffices  to  show  that  the  two  species  are  not  identical. 

Sowerby  seems  to  have  considered  E.  compressus  to  be  an 
Ammonoid,  for,  writing  in  1821  ^ — eight  years  after  the  publication 
of  the  description  of  his  species — he  says: — "The  genus  Ellipsolithes 
must  certainly  be  abolished,  and  its  species  ranged  under  Ammonites, 
the  oval  form  being  quite  accidental."  Many  authors,*  however, 
not  having  seen  the  septa,  regarded  Sowerby's  species  as  a  Nautihid 
and  referred  it,  either  to  the  genus  Nautilus^  or  to  the  genus 
Discites,  but  the  character  of  the  septa,  as  now  recognized,  at  once 
excludes  it  from  these  divisions. 

According  to  our  present  knowledge  of  E.  compressus,  we  cannot 
rightly  adopt  any  of  the  interpretations,  which,  so  far  as  they  are 
known  to  the  writers,  have  hitherto  been  given  of  this  species. 

Let  us  consider  in  the  next  place  the  name  Ammonites  Henslowi, 

1  Min.  Con.,  toI.  i.  p.  81,  pi.  xxxii.  1813. 
»  Ibid.  p.  83,  pl.xiXTii.  1813. 
»  Ibid.  p.  84,  pi.  xixviii.  1813. 

*  Monog.  Ammon.  et  Goniat.,  1826,  p.  93. 

^  Conchyliologie  syst^matique,  1808,  voL  i.  p.  78. 

*  Introduction  to  the  Study  of  Fossil  Organic  Remains,  1822,  p.  164. 
^  Planul.  und  Goniat.,  1832,  p.  30  ;  Beitiage,  Heft  i.  1843,  p.  23. 

^  Min.  Con.,  vol.  iii.  p.  167,  footnote. 

*  See  footnote,  antea,  p.  U. 
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This  species  has  been  referred  also  to  Ceratitea,^  Aganides,'^  and 
Qofdatites,^  nsQallj,  however,  to  the  latter. 

Owing  to  the  l^ness  of  the  figure  which  accompanies  his  descrip- 
tion, de  Montfort's  genus  Agnnides*  has  been  variously  interpreted^; 
bat,  whatever  de  Montfort's  figure  is  intended  to  represent,*  Sowerby's 
J.  Henslowi  is  a  very  different  shell,  as  regards  both  form  and  suture- 
line,  and  certainly  cannot  be  assigned  to  the  genus  Aganides. 

Although  placed  in  the  genus  Ceratitea  by  de  Haan,?  the  author  of 
the  genus,  the  suture-line  of  Ceratites,  as  that  genus  is  now  restricted, 
differs  widely  from  that  of  A,  Henslowi. 

Ammonites  Henslowi  is  referable  to  the  genus  Ooniatites,  of  authors, 
but  this,  like  Ammonites,  is  now  considerably  subdivided.  The  division 
into  which  Sowerby's  species  falls  has  been  named  by  Mojsisovics 
Prolecanites,^  and  it  is  to  this  genus  that  Sowerby's  species  is  now 
nsoally  referred.* 

(6)  Next  as  to  the  species : — 

Of  the  two  names  given  by  Sowerby,  Ellipsolites  compressus  was 
described  in  1813,  and  Ammonites  Henslowi  in  1820;  therefore, 
according  to  the  law  of  priority,  the  specific  name  compressus  must 
supersede  that  of  Henslowi, 

Hence  the  name  of  the  shell  under  consideration  becomes  Prole- 
caniies  compressus ;  and  Ellipsolites  compressusy  J.  Sowerby,  and 
Ammonites  Henslotoif  J.  Sowerby,  are  synonyms  of  it. 

EXPLANATION  OF  THE  PLATE  I. 

FroUcanites  compresjtns^  J.  Shy.,  sp. 

Fig.  1.  Lateral  aspect  of  a  specimen  in  the  collection  of  Mr.   Joseph  Wright, 
Belfast.     About  |  nat.  size. 

2.  Front  aspect  of  the  same.     About  ^  nat.  size. 

3.  Portion  of  the  test  (marked  a  in  Fig.  1).     Nat.  size. 

4.  A  portion  of  the  periphery,  as  seen  at  the  point  marked  b  in  Fi^.  1,  showing 
the  subcingular  borders  and  the  sculpture  of  the  shell.     Nat.  size. 

5.  The  suture-line  marked  e  in  Fig.  1.     Nat.  size. 

6.  Suture-line  of  a  specimen  (No.  C.  349G)  from  the  Carboniferous  Limestone, 
Scarlet,  Isle  of  Man,  presented  to  Brit.  Mua.  (Nat.  Hist.)  by  Miss  C.  Birley. 

FooTxoTB. — While  this  paper  was  in  the  press,  Mr.  Wright  has,  throuj^h  one  of 
the  writers,  kindly  presented  the  specimen  (here  described)  to  the  British  M  uscum. 

^  C-Kratites  Uennlowi,  de  Haan,  Monog.  Ammon.  et  Goniat.,  1825,  p.  157. 

'  AganideM  Hemlowiy  A.  D'Orbigny,  Prod,  de  Pal^ont.,  vol.  i.  p.  115;  id.  F. 
K  Coy,  Brit.  Pal.  Foss.,  1855,  p.  564. 

'  Gomatites  Hermhiciy  J.  Phillips,  Geol.  Yorkshire,  pt.  2,  1836,  p.  236,  pi.  xx. 
iz.  39;  id.  d'Archiac  and  de  Verneuil,  Trans.  Geol.  Soc.  [2],  vol.  vi.  1842,  p.  329; 
a.  J.  Morris,  Cat.  Brit  Foss.,  2nd  ed.  1854,  p.  303;  id.  C.  Barr«)is,  El  niarmol 
amiirdaloide  de  los  Pirineos  (Boletin  de  la  Comision  del  Mapa  geologico  de  Espana, 
ToL^viii.),  1881,  p.  9,  pi.  C.  figs.  3a,  3^  3<;;  id.  R.  Etheridge,  Fossils  of  the 
Briri?h  Is^lands,  vol.  i.  Palajozoic,  1888,  p.  311  ;  etc. 

*  Conehyliologie  systematique,  1808,  vol.  i.  p.  30. 

*  See  notes  on  de  Montfort's  genus  by  F.  B.  Meek,  Geol.  Surv.  Territ.,  vol.  ix, 
1876.  p   494. 

*  P.  Fi-clier  (Manuel  de  Conehyliologie,  1880-87,  p.  380)  states  that  the  species 
Spired  by  de  Moiitfort  is  Gonialites  rotaforixs^  de  Kouinck. 

^  Monog.  Ammon.  et  Goniat.,  1825,  p.  157. 

*  E.  V.  Mojsisovics,  Abhandl.  d.  k.k.  geol.  lleichsanst.,  vol.  x.  1882,  p.  199. 

'  PioUcoNites  Hen»hwiy  E.  v.  Mojsisovics,  loc.  cif. :  id.  K.  A.  von  Zittel,  Ilandb. 
i  Pala-ont.,  vol.  i.  1884,  p.  421  ;  id.  E.  llolzapfel,  Palieout.  Abhandl.,  Daniel  and 
K^yser,  n  s.  vol.  i.  1889,  p.  42,  pi.  iii.  f\ir.  14,  pi.  iv.  fijrs.  2,  4,  7;  Goniaiites 
[Prokcanifet)  Hentlowi^  J.  Scunes,  Comptes  liendas,  vol.  cxv.  Ib92,  p.  6ii\. 
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III. — Note  on  a  New  Species  of  ^ptornis  (^  titan). 

By  C.  W.  Andrews,  B.Sc,  F.Z.8. 

IN  a  collection  of  vertebrate  remains  from  the  south-west  coast  of 
Madagascar,  recently  received  in  the  British  Museum,  there 
occur  numerous  bones  belonging  to,  at  least,  three  species  of 
uSpyonn$.  Among  them  are  two  tibio-tarsi,  right  and  left,  of 
gigantic  size,  much  larger  than  any  hitherto  described.  Both  these 
bones  are,  unfortunately,  considerably  damaged  at  the  upper  end,  the 
right  one  alone  showing  any  portion  of  the  proximal  articular 
surface.  They  both,  without  doubt,  belong  to  the  same  species, 
though  probably  not  to  the  same  individual.  The  left,  which 
on  the  whole,  is  the  better  preserved,  may  be  taken  as  the  type 
of  the  species  which  it  is  proposed  to  call  jEpyomis  titan. 

A  very  massive  femur  from  the  same  collection  probably  belongs 
to  the  same  species.  There  are  also  several  more  or  less  imperfect 
femora,  which  are  slightly  smaller  and  of  rather  different  proportions. 
All  the  bones  have  a  very  fresh  appearance. 

The  tihio'tarsus  has  the  following  dimensions  in  centimetres,  those 
of  ^.  maximus,  Is.  Geof.  and  JE.  JTUdehrandtij  Burck.  being  quoted 
for  comparison  from  the  memoirs  of  Milne  Edwards,  Grandidier, 
and  of  Burckhardt. 


Measurements  of  the  tibio-tarsi  of 
AiJpyartiis. 

Length    

Width  of  distal  end   

Width  of  shaft  at  the  narrowest  point... 
Circumference  at  the  narrowest  point  ... 


^.  titan. 


JE,  maximu*. 


.1 


80-0*  cm. 
170 
7-6 
20-7 


i» 


>> 


Shortest  antero-posterior  diameter  '     4*6 


64*0  cm. 
13-6 


15-6 


I) 


tt 


^.  Bilde. 
hrandti. 


48*5  cm. 
8-2 


110 


)i 


Ji 


The  shaft  of  the  bone  is  slightly  curved  with  the  concavity 
inwards.  The  anterior  surface  of  the  lower  two-thirds  is  flat  and  is 
bounded  on  either  side  by  ridges,  the  inner  being  the  stronger, 
which  separate  it  from  the  lateral  surfaces.  The  upper  portion  is 
traversed  by  a  linea  aspera,  which  is  continuous  with  the  lower  end 
of  the  pro-cnemial  crest  and  runs  downwards  and  inwards,  reaching 
the  inner  border  of  the  bone  about  32  cm.  from  its  distal  end  ;  here 
it  is  continuous  with  the  inner  ridge  above  mentioned.  Immediately 
above  the  articular  surface  is  a  longitudinal  ridge  with  a  rugose 
tubercle  at  its  lower  end.  Between  this  and  the  inner  border  is  the 
groove  for  the  extensor  tendons  of  the  digits,  deepest  distally  and 
soon  dying  away  as  it  is  traced  upwards.  The  extensor  bridge  is 
unossified.  The  lateral  and  posterior  surfaces  form  a  continuous 
curve,  nearly  semicircular  in  section  in  the  middle  of  the  shaft,  but 
becoming  flattened  posteriorly  as  the  bone  widens  towards  the  distal 
articulation.  The  shaft  is  also  flattened  externally  near  its  lower 
extremity.  The  surface  of  attachment  for  the  fibula  closely 
resembles  that  in  jE.  maximvs.  The  condyles  project  considerably 
forwards,  the  inner  being  the  larger  and  more  prominent.     Their 

1  This  measurement  is  taken  from  the  right-hand  specimen  and  is  only  approximate. 
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lateral  sarfaoes  have  large  pits  for  the  insertion  of  ligaments,  that  in 
the  ectooondjle  being  about  2*5  cm.  deep.  Behind  these  pits  are  large 
roagh  tuberosities.  The  intercondylar  surface  is  only  slightly 
depressed,  and,  though  faintly  convex  from  side  to  side,  does  not 
•how  the  strong  ridge  figured  by  Burckhardt  in  /E.  Jlildehrandti. 
The  npper  portion  of  the  bone  is  too  imperfect  for  description. 

The  le/i  femur,  v/hich  is  provisionally  referred  to  the  present 
species,  is  nearly  complete,  only  the  upper  part  of  the  massive 
trochanter  and  the  anterior  part  of  the  condyles  being  lost  Its 
dimensions  are  as  follows : — 


Measurements  of  the  femora  of 


JS.  titan.  .   ^.  ptaximu*. 


Approximate  length 


Cireomference  of  shaft  at  the  narrowest 

part 

Width  of  shaft  at  the  same  point 

Width  of  distal  end  (approximate)  


41*5  cm. 


27-3 

9-2 
210 


II 


320  cm. 
(P  tme  length) 

27-0  cm. 
911 
190 


brandti. 


15*8  cm 
50 
100 


It 


II 


The  neck  is  short  and  thick,  measuring  23  cm.  in  circutnference ; 
its  anterior  surface  is  very  rugose.  The  upper  articular  surface  of 
the  trochanter  is  flat  and  continuous  with  that  of  the  head,  from 
which  it  slopes  steeply  upwards  and  outwards,  widening  rapidly. 
The  troclianter  seems  to  ha^e  risen  considerably  above  the  head,  but 
does  not  form  a  crest  strongly  projecting  forwards,  as  in  Dinornis, 
On  the  posterior  surface,  near  its  junction  with  the  neck,  is  a 
pneumatic  foramen,  the  exact  size  and  shape  of  which  cannot  be 
determined  owing  to  the  fracture  of  its  edges.  The  passage  into 
which  this  foramen  opens  is  very  large,  measuring  about  3  cm.  from 
side  to  side  and  1*5  cm.  from  before  backwards;  this  runs  down  to 
about  the  middle  of  the  shaft,  where  it  terminates  in  the  complex 
bony  network  with  which  the  bone  is  almost  entirely  filled,  as  can 
be  seen  in  one  of  the  smaller  femora  which  is  broken  across.  The 
«bafl  is  narrowest  about  12  cm.  below  the  upper  surface  of  the  neck  ; 
at  this  point  it  is  oval  in  section,  the  short  diameter  being  antero- 
pc^terior.  The  flattening  becomes  much  more  pronounced  as  the 
bone  widens  out  towards  the  comlyles,  so  that  just  above  these  the 
anterior  face  is  only  slightly  convex  from  side  to  side.  The  lower 
portion  of  the  posterior  face  is  occupied  by  the  popliteal  fossa ;  this  is 
triangular  in  outline,  the  lower  side  being  formed  by  a  very  strong 
rounded  intercondylar  ridge,  the  inner  by  a  rough  border  terminating 
above  in  a  blunt  tubercle,  while  externally  the  side  of  the  fossa 
slopes  gently  up,  passing  imperceptibly  into  the  posterior  surface 
of  the  shaft.  Several  pneumatic  foramina  open  into  this  fossa,  the 
largest  measuring  7  by  5  mm.  The  condyles,  which  are  very 
massive,  are  unfortunately  somewhat  incomplete.  The  outer  projects 
about  5  cm.  beyond  the  inner  and  has  a  rough  concave  extenial 
surface.     The  articulation  for  the  fibula  is  narrower  relatively  than 

'  This  measurement  is  taken  from  a  cast  in  the   British  Museum.     It  seems 
probable  that  this  lemur  does  not  belong  to  jE,  maximus,  but  to  the  present  s^mes. 
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in  Dinomis.  The  intercondylar  fossa  is  scarcely  perceptible  and  the 
rotular  surface  is  little  depressed ;  owing  to  fracture  it  cannot  be  seen 
how  far  the  condyles  projected  forwards  beyond  its  level. 

In  the  same  collection  is  a  very  incomplete  proximal  end  of  a 
metatarsus,  perhaps  belonging  to  this  species. 

IV. — Auobn-Struoturb   in    Bblatiom    to    the    Obioin   of  ^raB 

Eruptivb  Rooks  and  Gneiss.* 

By  J.  6.  GooDOHiLD,  F.G.S.,  H.M.  Geological  SurTej. 

AMONGST  the  rocks  whose  original  structures  have  been  more 
or  less  deformed  by  metamorphic  agencies  the  geologist  very 
commonly  meets  with  curious  eye-like  inclusions  of  mineral  matter, 
which  are  generally  known  by  the  name  of  augen.  Close  investiga- 
tion of  a  large  series  of  rocks  exhibiting  these  eyes  brings  to  light 
the  fact  that  under  this  name  are  classed  two  essentially  different  kinds 
of  structure.  In  the  one,  the  kernels  or  eyes  are  manifestly  the 
unsheared  portions  of  the  rock,  whose  sheared  portions  constitute  the 
schist  that  envelops  the  eyes.  In  the  other  kind  of  augen  structure 
the  eyes  consist  of  crystalline  minerals,  whose  development  as  such 
is  shewn  to  be  posterior  to  the  shearing  to  which  tlie  matrix  has 
been  reduced,  by  the  fact  that  the  eyes  of  crystalline  matter  have  not 
participated  in  the  shearing,  but  are  bright  and  generally  un  fractured 
throughout.  It  is  here  suggested  that  the  term  "flaser  structure" 
should  be  confined  to  the  results  of  uncompleted  shearing,  where  the 
eyes  were  formed  contemporaneously  with  the  movements  ;  while  to 
the  structure  seen  in  the  rock  containing  the  crystalline  augen 
developed  after  the  shearing  movements  had  ceased,  it  is  suggested 
that  the  term  "  augen  structure  "  should  be  restricted. 

Augen  structure  occurs  under  two  sets  of  conditions.  In  the  one, 
the  constituents  out  of  which  the  augen  have  been  formed  were 
already  in  existence  within  segregating  distance,  when  the  rock  was 
first  subjected  to  metamorphic  action,  and  their  development  is 
merely  a  case  of  regeneration  under  plutonio  conditions,  whose 
general  nature  will  be  discussed  presently.  In  the  other  set  of 
augen,  the  rock  in  which  the  structure  occurs  did  not  originally 
contain  the  whole  of  the  constituents  that  were  essential  for  the 
formation  of  the  eyes.  Part  of  these  constituents  must,  therefore, 
have  been  introduced  from  an  outside  source,  some  time  late  in  the 
history  of  the  rock,  but  possibly  only  a  short  time  prior  to  the  date 
when  the  causes  concerned  in  the  development  of  the  augen  came 
into  action.  In  the  simpler  case,  where  the  constituents  existed 
within  the  rock  from  the  first  (which  may  be  typified  by  augen  am- 
phibolite),  a  crystalline  development  has  been  set  up  in  the  rock  at 
various  disconnected  points,  while  the  surrounding  material,  although 
very  generally  granulitised,  still  remains  in  a  schistose  state. 

Assuming  that  heat,  co-operating  in  any  one  of  various  ways 
with  chemical  action,  is  an  essential  factor  in  the  generation  of  the 

>  This  is  substantially  part  of  a  Lecture  on  the  "  Causes  of  Volcanic  Action," 
delivered  under  the  auspices  of  the  Koyal  Scottish  Geographical  Society  at  Edinburgh, 
December,  1892. 
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crystalline  matters  under  notice,  our  chief  difficulty  in  attempting  to 
nplain  these  facte  lies  in  accounting  for  the  generation  of  the 
conditions  necessary  for  fusion,  at  isolated  centres  within  a  rock, 
while  the  matrix,  consisting  of  the  very  same  mineral  matter,  should 
remain  unfosed.  The  molecules,  in  some  way  or  another,  have  heen 
locally  placed  nifder  sach  conditions  as  to  permit  of  their  taking  up 
different  positions  from  what  they  had  when  first  acted  upon ;  and 
yet  the  conditions  referred  to  have  been  in  action  only  at  certain 
points,  or  along  certain  zones,  contiguous  to  others  that  have  not 
been  so  affected.  It  seems  obvious  from  this  consideration  that  the 
lesnlt  cannot  be  due  to  the  simple  action  of  heat  from  an  external 
lonrce,  such  as  would  arise  either  from  contact  with  molten  masses, 
or  from  any  heat  proceeding  from  the  earth's  interior. 

This  and  other  reasons  of  the  same  kind  have  led  the  author  to 
adTocate  the  view,  previously  advanced  by  others,  that  the  chief 
cause  of  the  high  temperature  prevailing  within  the  earth's  crust 
liei  in  the  conversion  of  the  motion  arising  from  earth-creep  into 
beat  It  is  assumed  that  the  heat  generated  in  this  way  augments 
with  depth  below  the  surface,  until  a  temperature  is  ultimately  reached 
whioh  is  higher  than  that  necessary  to  fuse  the  most  refractory  of 
tbe  rock  constituents.  Amongst  many  other  causes  that  contribute 
to  bring  about  such  differential  movements  of  the  earth's  crust,  and 
therefore  to  generate  subterranean  heat,  the  author  is  disposed  to 
lank  lunar  attraction  as  one  of  the  chief.  Where  earth-creep  takes 
place  under  comparatively  small  superincumbent  pressure  in  the 
presence  of  water,  the  rocks  are  simply  deformed,  crushed,  or 
ground,  or  otherwise  affected,  by  causes  which  are  chiefly  of  a 
mechanical  nature.  At  greater  depths  differential  movements  give 
rise  to  what  Teall  has  aptly  termed  plastic  deformation — the  rock 
material  being  actually  made  to  flow  in  the  direction  of  least 
resistance,  so  that  what  may  be  termed  dynamo-fluxion  structure  is 
impressed  upon  the  rock. 

Good  examples  of  this  plasticity  of  solids  when  compelled  to 
change  their  form  under  great  pressure  are  afforded  in  the  mechanical 
arts  in  the  process  of  moulding  from  the  solid  metal  the  nickel 
bullet  cases  in  use  in  the  British  army.  A  "  burr  "  of  sheet  nickel  is 
Weed,  cold,  through  a  succession  of  annular  dies,  the  first  one  giving 
rise  to  a  shallow  cup  with  thick  sides,  while  the  passage  through 
each  succesHive  die  increases  the  depth  of  the  cup  and  lessens  the 
thickness  of  its  sides,  until  in  the  end  a  tube  of  solid  metal  of  the 
required  thinness  and  length  is  fashioned.  The  rate  of  movement 
and  of  pressure  have  to  be  carefully  adjusted  to  each  other  so  as  to 
obtain  the  requisite  degree  of  plasticity  without  permitting  the 
motion  to  be  converted  into  a  degree  of  heat  sufficient  to  produce 
actual  fusion  from  the  pressure  em])loyed. 

In  the  case  of  subterranean  movements  affecting  rocks  at  great 
depths,  the  temperature,  generated  by  tbe  conversion  of  the  motion 
into  heat  ,must  generally  be  more  than  sufficient  to  bring  about  the 
fusion  of  even  the  most  refractory  of  the  rock-forming  minerals. 
When  subjected  to  the   great  undiilatory  movements   which   have 
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certainly  affected  the  earth's  crust,  even  at  great  depths  from  the 
surface,  the  deeper-seated  rocks  must  constantly  tend  to  pass  into 
the  molten  condition,  but  are  prevented  from  melting  owing  to  their 
fusing  point  being  raised  in  consequence  of  the  superincumbent 
pressure.  But  if  this  superincumbent  pressure  is  relieved  while  the 
rocks  are  in  the  potentially  molten  condition  referred  to,  they  pass 
at  once  into  the  molten  state.  The  same  result  follows,  of  course,  if 
the  temperature  rises  while  the  pressure  remains  constant.  A  relief 
of  pressure  is  thus  equivalent  in  this  case  to  a  rise  of  temperature, 
and  is,  for  several  reasons,  the  more  likely  cause  of  funion. 

Once  these  rocks  are  reduced  to  the  molten  condition  they  tend  to 
eat  their  way  upward  in  any  direction  of  least  resistance — the  place 
of  the  material  flowing  upwards  being  at  first  taken  chiefly  by  the 
colder  masses  of  rock,  which  sink  within  the  magma  as  fast  as  they 
are  quarried  from  the  sides  of  the  vent.  On  arriving  within  a  few 
miles  of  the  surface  the  heated  rock  occludes  H^O  and  is  thereby 
rendered  more  fluid,  and  at  the  same  time  receives  an  additional 
impulse  through  the  elastic  force  exerted  by  the  included  gases. 
These  finally  impel  the  molten  rock  to  the  surface,  and  when  the 
communication  between  the  plutonic  zones  of  fusion  and  the  surface 
of  the  earth  is  finally  established,  a  volcano  is  the  result 

The  products  of  dynamo-metamoi'phism  may  not  reach  the  surface, 
but  may  be  arrested  at  any  horizon  between  their  starting-point  and 
the  surface.  Volcanic  products  therefore  graduate  downward  through 
the  trappean  into  the  plutonic  rocks,  which,  in  their  turn,  terminate, 
at  great  depths,  against  the  zones  of  dyuamo-fusion. 

When  once  volcanic  action  has  commenced,  the  place  of  the 
ejected  material  is  partly  taken  by  the  downward  subsidence  of  the 
volcanic  centres,  partly  filled  in  by  a  lateral  flow  of  rock-material 
towards  the  deeper  parts  of  the  foci.  As  this  movement  itself  takes 
place  under  enormous  pressure,  it  not  only  tends  to  produce  schist- 
osity  in  the  rocks  within  the  zones  aflected,  but  it  must  at  the  same 
time  give  rise  to  a  further  evolution  of  heat 

Such  results  as  those  just  noticed  follow  when  the  relief  of 
pressure  upon  a  potentially  molten  mass  acts  per  Baltum.  This  mode 
of  relief  must  often  come  into  action,  more  especially  in  connection 
with  the  subterannean  explosions,  which  are  due  to  the  sudden 
access  of  water  to  greatly  heated  masses,  or  to  the  sudden  relief 
afforded  when  the  tension  of  the  vapour  thus  imprisoned  overcomes 
the  resistance.  But  in  quite  as  many  cases,  more  especially  within 
the  deeper  zones  of  the  earth's  crust,  the  relief  of  pressure  is  directly 
connected  with  the  translation  of  the  great  terrestrial  undulations 
from  one  part  to  another.  Such  undulations,  as  a  rule,  may  be 
supposed  to  travel  at  very  slow  rates,  so  that  it  may  require  an 
interval  of  many  thousands  of  years  for  an  upward  phase  of  an 
undulation  to  pass  into  a  phase  of  movement  in  the  opposite  direction. 
Assuming  that  differential  compression  of  the  rocks  acted  upon  is 
one  of  the  results  of  all  such  nndulatory  movements,  it  would  follow 
that,  by  slow  degrees,  the  locus  of  greatest  pressure  travels  with  the 
uudalatioB,  and  gives  place,  also  by  very  slow  degrees,  to  one  in 
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which  the  pressure  would  be  at  a  minimum  for  that  depth  from 
the  surface.  Bocks  affected  in  that  manner  must,  almost  of  necessity, 
uodergo  more  or  less  shearing,  and  as  it  is  well  known  that  beat 
travels  through  sheared  rocks  more  readily  along  their  planes  of 
■chistosity  than  in  directions  transverse  to  them,  higher  temperature 
prevails  Uiere  from  that  cause  alone.  But  schistose  rocks,  subjected 
to  lateral  pressure,  must  give  way  more  readily  along  their  own 
planes  of  maximum  structural  weakness  than  along  any  others. 
Consequently,  even  a  slight  separation  of  the  rock  along  these 
planes  gives  rise  to  a  relief  of  pressure,  which,  by  degrees,  tends  to 
bring  about  a  gradual  fusion  at  the  points  where  the  relief  of 
pressure  has  been  greatest.  The  fusing  points  attained  in  such  a 
case  would  bear  a  definite  relation  to  the  ratio  between  the  initial 
and  final  pressure  while  the  temperature  remained  constant 

If,  now,  the  earth  movements  cease,  or  the  temperature  falls,  the 
fused  portions  of  the  rock  gradually  crystallise  out,  and  eventually 
appear  as  augen  set  in  a  sheared  matrix  composed  of  the  very  same 
minerals  which  have  not  had  any  opportunity  of  returning  to  the 
crystalline  condition.     This  local  fusion,  through  gradual  relief  of 
pressure  acting  upon  rocks  that  are  in  a  potentially  molten  condition, 
forms  the  starting  point  of  some  phenomena  of  considerable  interest 
in  the  history  of  rock  structures.     The  two  examples  so    far  con- 
sidered have  been  those  of  rocks  consisting  mainly  of  amphibolite. 
In  the  one  case,  these  have  been  sheared  into  phacoids  by  mechanical 
action     without    any    subsequent   chemical    rearrangement   of    the 
minerals  affected.      In  the  other  case,  molecular  rearrangement  has 
been  superinduced  upon  the  results  of  mechanical  deformation,  and 
amphibolite  augen  have  been  fonned.     But  in  many  cases  the  rocks 
acted  upon  have  been  of  much  less  simple  composition,  and  have 
included  the   constituents  of  more  than  one  or  two  minerals.     In 
rucks  of  such   nature  the  fusing  point  of  any  one  mineral  of  the 
compound  may  differ  considerably  from  that  of  the  others.     Assum- 
ing that  three  such  minerals   are   present,  which  for   the   present 
purpose  may  be  denoted  respectively  by  A,  B,  and  C,  the  fusing 
jKjint  of  one  of  them — A,  under  given  conditions,  may  lie  below 
that  of  B  ;  while  B  in  its  turn  fuses,  under  the  same  conditions,  at  a 
lower  temperature  than  C.   If  now  the  entire  compound  be  subjected 
to  a  temperature  which  is  sufficent  under  a  low  pressure  to  fuse  C, 
but  which  temperature  is,  at  the  same  time,  counteracted  by  heavy 
pressure,  so  that   not   only  C,  but  B  and  A,  remain  unfused,  the 
minerals  will  all  remain  practically  unaffected.     But  if  the  tempera- 
ture rises  sufficiently  to  fuse  A  under  the  same  pressure,  or  if,  what 
amounts  to  the  same  thing,  the  pressure  is  slowly  and  gently  eased 
off,  then  A  may  pass  into  the  molten  state,  leaving  B  and  C  as  they 
Were.     Similarly  with  a  further  relief  of  pressure,  the  temperature 
remaining  as  before,  B  also  may  p£iss  into  a  condition  which  permits 
of  its  re-arrangement  within  the  rock,  C  remaining  still  unaltered. 
A  gradual  fall  of  temperature  now  permits  C  to  impress  its  form 
upon  B  as  crystallization  follows;  and  in  its  turn.  A,  being  the  last 
to  consolidate,  is  moulded  ophitically  around  both  of  its  8k8aoo\&\/&A. 
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This  is  a  necessary  conseqaenoe  of  crystallization  following  a 
gradual  increase  of  temperature  which  falls  short  of  the  degree 
requisite  for  the  fusion  of  the  most  refractory  minerals  in  a  rock 
compound.  It  may  come  into  play  as  much  in  a  rock  heated  hy 
contact  metamorphism  as  in  one  whose  temperature  is  raised  by 
dynamic  causes.  I  have  in  mind  some  oases  I  have  lately  seen  in 
which  thick  piles  of  pyroxene-labradorite  rocks,  which  were 
originally  lavas,  dykes,  and  sills,  have  been  invaded  by  extensive 
protrusioDs  of  rocks  of  acid  composition  at  some  period  subsequent  to 
the  outpouring  of  the  lavas.  The  result,  it  appears  to  me,  is  that 
the  parts  of  the  lavas  which  were  the  last  to  consolidate  from  the 
original  molten  condition,  that  is  to  say,  the  glassy  magma  and  the 
jiyroxenic  constituents,  were  afterwards  fused  again  in  the  reverse 
order  of  their  original  cooling,  as  the  temperature  of  the  invading 
mass  began  to  affect  that  of  the  older  volcanic  rocks  around  it  But 
as  the  melting  point  of  both  the  felspars  and  the  remaining  rock 
constituents  was  never  reached  during  the  invasion,  these  minerals 
remained  as  they  were.  Eventually  the  temperature  declined,  the 
pyroxene  and  the  minerals  composing  the  original  glassy  magma 
crystallised  out,  and,  around  the  contact  zones,  the  lavas,  dykes,  and 
sills  reconsolidated  as  holocrystalline  rocks  with  ophitic  structure, 
and  with  a  plutonic  instead  of  volcanic  facies. 

Analogous  changes  to  these  must,  I  conceive,  frequently  have 
taken  place  in  connection  with  rocks  undergoing  plutonic  meta- 
morphism ;  only  in  these  cases  the  partial  rearrangement  of  the 
constituents  was  due  to  the  heat  generated  directly  by  dynamic 
causes,  and  as  a  consequence  of  the  gradual  and  partial  relief  of 
pressure  while  the  rocks  in  question  were  in  a  potentially  molten 
condition. 

The  nature  of  the  minerals  resulting  from  any  given  change  of 
this  kind  is  absolutely  dependent  upon  the  nature  of  the  constituents 
present  within  segregating  distance  of  the  zones  affected.  If,  for 
example,  alkalies  are  deficient  during  any  given  stage  of  meta- 
morphism, neither  the  felspars,  nor  any  other  mineral  into  whose 
composition  the  alkalies  enter,  can  result.  This  has  always  been 
the  great  stumbling-block  in  the  way  of  those  who  have  attempted 
to  account  for  the  origin  of  gneiss,  for  example,  from  metamorphosed 
sediments.  It  is  certain,  from  the  very  nature  of  the  case,  that  the 
alkalies  must  have  been  removed  from  the  constituents  of  the 
sedimentary  rocks  long  prior  to  the  date  of  their  rearrangement  in 
a  stratified  form.  It  has  very  properly  been  objected  to  the  extreme 
views  held  by  metamorphists  that  no  kind  of  fusion  or  rearrange- 
ment of  any  kind  is  competent  to  metamorphose  an  ordinary  grey- 
wacke  into  a  granite,  for  the  simple  reason  that  the  most  important 
constituent  of  one  of  the  essential  minerals  of  the  granite,  to  wit, 
the  potash  of  the  felspars,  did  not  originally  occur  in  the  material 
acted  upon.  Yet  the  study  of  highly  metamorphosed  rocks  whose 
sedimentary  origin  is  beyond  a  doubt,  shows  that,  by  some  means  or 
otlier,  secondary  felspar  has  been  formed  within  such  rocks,  and  in 
thoBo  in  which  the  effects  of  dynamo-metamorphism  has  been  carried 


/.  (?.  Ooodehild^'Augen'Structure  and  Eruptive  Rocks ^  etc.     25 

to  an  extreme^  felspar  in  a  crystalline  form  has  begun  to  develop  in 
ooDspicuous  quantities.  In  other  words,  a  rock  that  was  originally 
deficient  in  potash  is  known  to  contain  a  considerable  percentage 
of  that  alkali  after  the  rock  has  been  subjected  to  dynamo- 
metamorphism.  Now,  as  the  presence  of  crytalline  felspar  is  an 
essential  feature  in  gneiss  as  well  as  in  granite  and  other  rocks,  it 
becomes  a  matter  of  considerable  importance  to  determine  the  source 
of  the  potash  and  other  alkalies  in  question.  Unfortunately  the 
evidence  available  as  yet  is  but  scanty,  and  will  hardly  suffice  for 
more  than  a  working  hypothesis  such  as  that  here  propounded  : — 

When  an  eruptive  rock,  such  as  granite,  is  exposed  to  the  action 
of  surface  agencies,  its  constituents,  as  Mr.  Teall  remarks,  eventually 
became  separated  into  an  insoluble  and  a  soluble  set.  The  first 
goes  to  make  up  sandstones  and  shales,  etc.,  while,  in  a  soluble  form, 
the  alkalies  are  carried  away  by  running  water.  Part  of  the  alkaline 
matter  goes  into  the  soil,  whence  some  of  it  is  re-extracted  by  plants. 
Whether  the  whole  of  it  does  so  is  certainly  open  to  question.  It 
is  far  from  unlikely  that  small  percentages  are  carried  downward 
through  the  soil  by  percolating  water,  and  are  eventually  returned 
to  the  inner  zones  of  the  earth*s  crust,  whence  they  originally  started. 
The  remainder  of  the  alkalies,  not  absorbed  by  the  earth,  is  carried 
out  to  sea,  into  which  rivers  are,  and  have  always  been,  pouring 
considerable  quantities  of  both  potash  and  soda,  eta,  which  have 
been  set  free  from  the  surface  of  the  land  by  weathering.  What 
becomes  of  all  this  alkaline  matter?  The  sun's  heat  distils  only 
fresh  water  from  the  surface  of  the  ocean,  leaving  its  dissolved  salts 
behind.  Unless  there  are  some  agencies  at  work  using  up  the 
alkalies  as  fast  as  they  arrive,  they  must  go  on  accumulating, 
and  the  balance  of  nature  eventually  be  disturbed  in  this  matter. 
Algge  take  up  some  of  the  potash ;  but  algae  die  in  the  water,  and 
80  restore  to  the  sea  what  they  have  originally  taken  from  it. 
Glauconite  and  other  minerals  containing  potassium  compounds  may 
use  up  another  part.  But  even  these  remain  where  they  were  formed. 
Is  it  not  more  likely  that  both  potash  and  soda  in  small  quantites 
are  slowly  returning  to  the  inner  zones  of  the  earth's  crust  by  down- 
ward percolation  from  the  surface  of  the  land  and  the  bottom  of  the 
sea  ?  The  quantity  may  not  be  great  at  any  given  period  ;  but  great 
geological  results  more  often  ensue  from  comparatively  feeble  causes 
acting  through  long  periods  of  time  than  from  those  of  a  more 
energetic  character. 

Downward  percolation  from  the  surface  of  the  land  and  the 
bottom  of  the  sea  may  not  be  the  only  source  of  the  alkalies 
required  for  the  regeneration  of  felspars.  At  the  high  temperatures 
prevailing  where  rocks  are  undergoing  plutonic  metamorphism, 
what  can  be  more  likely  than  that  emanations  of  both  potassium  and 
Bodium  in  some  mobile  form  should  arise  from  the  metallic  zones  of 
the  earth's  crust,  and  thence  permeate  the  heated  rocks  within  range 
of  their  influence?  For  several  reasons  I  am  disposed  to  regard 
this  as  the  chief  source  of  the  restored  alkalies,  and  to  consider  such 
intromissions  an  essential  factor  in  the  conversion  of  meUmor^lio^^d 
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rooks  of  sedimentary  origin  into  their  sucoeeding  plutonic,  trappean, 
and  volcanic  forms. 

Once  these  constituents  are  restored  to  the  rooks  undergoing 
plutonio  metamorphism,  the  regeneration  of  the  felspar  ensues 
almost  as  a  matter  of  course  ;  and  it  is  difficult  to  see  what  there  is 
to  limit  its  development  except  the  quantity  of  silicate  of  alumina 
already  existing  within  the  rock,  and  the  percentage  of  matter  sub- 
sequently introduced  from  without. 

It  appears  that  the  earlier  stages  of  development  of  the  felspar 
take  the  form  of  isolated  granules  occurring  interstitially  amongst 
the  other  constituents,  and  are  contemporaneous  with  the  development 
of  granulitic  structure.  Subsequently,  a  further  development  takes 
place  along  the  planes  of  structural  weakness  as  the  pressure  is 
gradually  relieved,  and  the  felspar  takes  the  form  of  augen. 

Development  of  felspar  does  not  end  with  the  formation  of  isolated 
augen  ;  for  although  the  typical  and  the  commonest  occurrence  is  that 
of  eyes  consisting  of  single  individuals,  it  is  by  no  means  uncommon 
to  find  small  nests  collected  at  particular  centres,  which,  in  this  case, 
as  in  the  other,  evidently  mark  the  points  where  there  has  been 
a  local  relief  of  pressure  during  one  of  the  thrusts.  From  small 
knots  or  nests  of  this  kind  every  gradation  can  be  traced  into  those 
remarkable  aggregations  of  rock- forming  silicates  to  which  the  term 
pegmatite  is  generally  applied.  True  pegmatites,  as  here  understood, 
are  generated  within  the  rock,  their  constituents  graduate  inter- 
stitially into  the  parent  mass,  and  in  every  case  they  date  from  a  period 
in  the  history  of  the  rock  long  subsequent  to  that  of  its  consolidation. 
In  their  composition  and  their  general  aspect  pegmatites  may  agree 
with  certain  ''giant  granites,"  and  both  pegmatite  and  "giant 
granite  "  agree  in  the  fact  that  they  are  usually  coarser  parts  of  the 
parent  mass,  that  they  are  related  to  this  in  mineral  constitution, 
and  that  they  graduate  into  it,  so  that  the  line  of  demarcation  between 
the  later  rock  and  the  earlier  is  indefinite  in  both  cases.  But  '*  giant 
granites  "  are  contemporaneous  with  the  last  stages  of  consolidation 
of  the  rock  in  which  they  occur,  and  are  confined  exclusively  to 
plutonio  rocks ;  whereas  pegmatites  are  of  much  later  date  than  their 
host,  and  they  occur  exclusively  in  rocks  that  have  undergone  more 
or  less  deformation  by  plutonio  causes  at  a  period  anterior  to  their 
development  From  intrusive  veins  they  differ  in  the  important 
fact  that  in  many  cases  it  can  be  shewn  that  they  both  originate  and 
terminate  as  augen  do,  within  the  enclosing  rock,  instead  of  being 
oifshoots  of  larger  plutonio  masses  adjoining,  which  is  necessarily  the 
case  with  an  intrusive  vein. 

Pegmatites,  like  their  component  augen,  appear  to  be  generally 
formed  along  pre-existing  planes  of  structural  weakness,  as  it  is 
along  such  planes  that  relief  of  pressure  most  commonly  ensues 
as  a  consequence  of  lateral  thrusts  during  the  upward  phases  of 
terrestrial  undulations.  Hence  pegmatites  shew  a  marked  tendency 
to  run  in  rudely  parallel  zones,  which  conform  to  the  planes  of 
scliistosity,  or  to  any  other  pre-existing  planes  of  structural  weakness 
existing  at  the  time. 
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Pegmatite  bands  develop  in  increasing  proportion  as  we  approach 
the  zones  of  maximum  metamorphism,  so  that,  where  their  develop- 
ment has  proceeded  to  any  great  length,  they  impart  to  that 
particular  zone  of  rock  tbe  appearance  of  bands  of  crystalline 
felspar,  etc.,  graduating  at  their  sides  into  other  bands,  which 
consist  of  more  or  less  distinctly  granulitized  schist.  A  closely- 
welded  rock  compound  of  that  nature  is,  in  all  essential  respects, 
a  truly  foliated  rock,  and  it  is  difficult  to  state  in  what  respect  it 
diflPers  from  many  rocks  that  are  comprehended  under  the  term  gneiss. 

In  other  words,  granulitic  structure  develops  into  augen  ;  augen 
extend  until  they  pass  into  pegmatite;  pegmatites  aggregate  until 
they  impart  to  the  compound,  of  which  they  form  a  part,  the 
character  of  a  true  gneiss. 

Augen  structure  in  rocks  is,  according  to  this  view,  one  of  the 
earlier  modifications  whose  later  developments  lead,  in  the  one 
direction,  into  the  rocks  of  eruptive  origin,  and,  in  the  other 
direction,  into  truly  foliated  rocks,  such  as  gneiss.  The  difference 
in  the  final  result  in  either  case  is  due  to  the  mode  in  which  the 
relief  of  pressure  acted  upon  the  rocks  while  they  were  in  poten- 
tially molten  condition,  arising  from  dynamic  causes.  The  pressure 
was  relieved  abruptly,  and  entirely,  in  the  case  of  the  eruptive  rocks, 
and  by  very  slow  degrees  and,  only  partially,  in  the  case  of  the 
foliated  rocks. 

This  view  of  the  origin  of  certain  gneisses  by  dynamo-fusion  does 
not  preclude  the  adoption  of  the  theory  of  the  formation  of  other 
gneisses  by  differential  movements  acting  upon  an  igneous  mass  in  its 
later  stages  of  original  consolidation.  This  is  so  evidently  the  mode 
of  origin  of  many  undeformed  gneisses  that  I  have  for  some  time  ])a8t 
employed  for  different  types  of  original  gneiss  such  names  as  granite 
gneiss,  granitite  gneiss,  syenite  gneiss,  diorite  gneiss,  gabbro  gneiss, 
etc.,  to  express  this  fact  Nor  does  it  preclude  the  possibility  of 
some  forms  of  gneiss  having  originated  in  any  other  manner 
not  here  referred  to.  Nevertheless,  I  venture  to  submit  that 
this  view  of  the  common  origin  of  certain  eruptive  rocks  and 
gneisses  by  means  of  variations  in  the  relief  of  pressure  upon 
superheated  masses  may  fairly  claim  to  rank  as  a  useful  working 
hypothesis,  seeing  that  it  enables  us  to  account  for  the  intimate 
ahsociation,  on  the  one  hand,  of  gneiss  with  true  schists,  and  on  the 
other  with  the  erujjtive  rocks,  both  plutonic  and  volcanic ;  and  also 
that  it  presents  a  satisfactory  explanation  of  the  intimate  association 
of  gneisses  with  the  deeper-seated  cores  of  mountain  ranges,  of 
whatever  age,  or  wheresoever  situated. 


V. — On  the  Three  Glaoiations  in  Switzerland. 

ByC.S.  Du  Riche  Preller,  M.A.,  Th.D.,  A.M.I.C.E.,  M.I.E.E.,  F.C.S.,F.G.S. 

T|NTIL  very  recently  it  was  thoroughly  recognised  that  in  post- 
\j  Tertiary,  viz.,  Pleistocene  or  Diluvial  times,  there  occurred 
in  Switzerland,  as  elsewhere,  two  glaciations  which  covered  the 
Alps  and   the  greater  part  of  the    JSwiss  lowlands,  and   between. 
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which  intervened  a  genial  or  interglacial  period.  The  repeated 
advance  of  Swias  gUciers  was  first  established  by  Escher  von  der 
Linth  and  Heer,  more  especially  upon  the  evidence  of  the  lignite 
slate  deposits  near  Damten  and  Wetzikon,  which  fringe  the  edge  of 
what  was  at  one  time  the  Limmat  and  is  now  the  Glatt  valley,  to 
the  N.E.  of  Zurich,  and  were  formed  daring  the  interglacial  period 
referred  to.  Bat  since  Prof.  Penck  and  others  have  been  led,  on 
the  strength  of  fluvio-glacial  evidence,  to  recognise  in  the  Bavarian 
and  Austrian  Alps  not  only  two,  but  three,  alternately  recurring 
glaciations,  evidence  to  the  same  effect  has,  within  the  last  two 
years,  been  brought  forward  also  in  Switzerland,  more  especially  by 
Dr.  Du  Pasquier ;  and  as  the  district  of  Zurich,  owing  to  the  build- 
ing operations  and  public  works  constantly  in  progress,  abounds, 
perhaps  more  than  any  other  part  of  Switzerland,  in  quarries  and 
excavations  of  all  kinds,  I  recently  took  occasion  to  examine  in 
this  locality  various  glacial  deposits,  which  may  be  taken  as  typical 
examples  of  the  successive  glaciations. 

Introductory, — Before  dealing  with  those  glacial  deposits,  it  will 
be  convenient  to  briefly  refer  to  the  molasse  and  nagelfluh  formation 
which  immediately  preceded  the  glacial  epochs.  The  Miocene  molasse 
formation,  composed  of  mud,  clay,  and  sand,  which  was  derived  by 
denudation  from  the  younger  rocks  of  the  Central  Alps  and  hardened 
into  marl,  limestone  and  sandstone,  spread  more  or  less  over  the 
whole  of  the  Swiss  lowlands,  and  formed  a  flat  freshwater  basio, 
with  a  sub- tropical  flora  and  fauna  and  a  mean  temperature  which, 
according  to  Heer's  calculation,  was  18'0  degrees  Centigrade  (68  F.) 
or  more  than  double  that  of  the  present  mean  temperature  of 
9°  Centigrade  or  48^  F.  This  molasse  basin  was  subsequently  filled 
up  and  more  or  less  completely  covered  by  that  characteristic  fluvial 
conglomerate  known  as  nagelfluh,  whose  pebbles  were  derived 
chiefly  from  the  detritus  of  the  Central  Alps.  The  nagelfluh  in 
the  Canton  of  Appenzell,  in  the  north-east  comer  of  Switzerland, 
contains  pebbles  derived  from  rocks  which  do  not  now  exist  on  the 
northern  slopes  of  the  Alps,  but  are  related  to  rocks  such  as  occur 
in  Southern  Tyrol  at  Botzen,  at  Lugano  and  elsewhere  on  the 
southern  slopes.  This  fact  led  Prof.  Heim  to  argue  that  those 
pebbles  are  derived  from  what  are  now  the  Southern  Alps,  and 
that  the  crest  line  of  the  Alps  was  at  one  time  much  more  to  the 
south  than  it  is  now.  That  in  some  parts  the  divide  of  the  two 
main  watersheds  may  have  been  somewhat  more  to  the  south  is  not 
improbable,^  and  that  the  upheaval  of  the  Alps  brought  about  im- 
portant deflections  of  river  courses  is  certain  ;  but  there  is  no  reason 
why  such  rocks  as  those  of  Botzen  and  Lugano  should  not  have  existed 
alHo  more  to  the  north,  whence  they  were  washed  away  by  the  Alpine 
rivers  and  their  debris  were  deposited  as  pebbles  of  the  Miocene 

Mn  a  recent  paper  '*  On  the  Engadine  Lakes'*  I  showed — and  this  is  also  Prof. 
Bonney's  and  Prof.  Heim's  view — that  the  crest  line  of  the  old  Inn  watershed  was 
about  six  miles  more  to  the  south  than  it  is  now;  hut  on  Prof.  Heim's  theory  the  crest 
liuu  uf  the  Julier  Alps  and  Hinter- Rhine  watershed,  if  placed  in  a  line  with  Lugano 
and  Botzen,  would  have  heen  35  miles  further  south  than  it  is  now,  a  conjecture 
for  which  there  ia  no  e?idence. 
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nagelflub.  XTpon  the  sub-tropical  molasse  age,  essentially  one  of 
Blow  aocamulation  and  spreading  of  clay,  sand,  and  mud,  followed  in 
early  Pliocene  times  the  formation  of  the  Alpine  and  sub- Alpine 
Talleys,  partly  as  the  effect  of  thrusting,  folding  and  upheaving  of 
the  Alps,  partly  by  the  action  of  Alpine  rivers,  whose  erosive  power 
had  become  greatly  enhanced  by  the  greater  fall  of  the  upheaved, 
and,  moreover,  more  or  less  denuded  Alpine  slopes.  It  may,  there- 
fore, be  assumed  that  by  the  end  of  this  Pliocene  period  of  erosion, 
as  distinguished  from  the  Miocene  period  of  accumulation,  the  Alps 
and  the  principal  Alpine,  as  well  as  sub-Alpine,  valleys  presented, 
broadly  speaking,  the  general  outlines  which  they  exhibit  now. 

First   Olaciation. — The    valley-making    of    Pliocene    times   was 
accompanied  by  a  gradual  drop  of  temperature,  due  probably  to  an 
increase  of  precipitation,  viz.  of  snow  and  rainfall  in  the  Alps  raised 
considerably  above  their  former  level ;  and  so  great  was  this  climatic 
change  that  the  latter  part  of  the  Pliocene  age  was  marked  by  a 
general  advance  of  the  Alpine  glaciers  and  a  first  glacial  invasion  of 
the  Swiss  lowlands.     This  first  glaoiation  of  Pliocene,  viz.  Tertiary 
age,  is  evidenced    by   the   so-called   hollowed-out  or   "  liicherig " 
nagelfluh,  which  is  quite  different  and  distinct,  not  only  from  the 
molasse  or  Miocene  conglomerate  bearing  the  same  name,  but  also 
from  the  gravel  deposits  of  subsequent  glaciations.    The  qualification 
of  "  hollo  wed-out "  (locherig)  was  first  given  to  this  nagelfluh  by 
Escher  von  der  Linth,  owing  to  the  holes  left  in  the  clayey  and  cal- 
careous cement  by  pebbles  which  had  been  decomposed  and  washed 
oat  by   chemical   action.      Mousson,    Escher  von   der  Linth,  and 
Gatzwiller  recognized  it  as  a  glacial  deposit  much  more  recent  than 
the  molasse.    Wettstein,  writing  in  1885,^  did  the  same,  but  included 
it  in  the  later  (then  first)  glacial  period;  Prof.  Heim,  as  recently  as 
1891,*  speaks  of  it   tentatively   as  perhaps  belonging  to  an   older 
glaoiation.     But  as  early  as  1885  and  1886,  Prof.  Penck^  and  Prof. 
Bruckner  *  had  recognized  three  distinct  glaciations  in  the  Bavarian 
and  Austrian  Alps,  and  had  pointed  out  the  close  analogy  between  the 
**Decken8chotter  "  or  sheet-gravel  of  those  Alps,  and  the  Swiss  fluvio- 
glacial  deposits;*  and  it  was  not  till  quite  recently,  viz.  1891-92, 
that  Swiss    geologists,    and    first   among   them    Dr.    Du   Pasquier, 
took  the  plunge  and  adopted  the  same  view.    Of  the  various  deposits 
of  this  Pliocene  nagelfluh  which  1  have  examined,  there  are  more 
especially  two  very  instructive  ones,  one  on  the  Utliberg  near  Zurich, 
and  the  other  near  Baden,  about  fourteen   miles  below  Zurich.     As 
is  seen  from  the  diagram,  the  summit  of  the  Utliberg  is  formed  by 
Pliocene  hollow  nagelfluh,  which  rests  on  moraine  or  boulder-clay, 
and  this  in  its  turn  rests  unconformably  on  Miocene   molasse  and 
nagelfluh.      An  erratic  block  of  Miocene  nagelfluh,  which  was  found 
in  1883  imbedded  in  the  moraine  and  below  the  hollow  nagelfluh, 

'  A.  Wettetein,  "  Geologie  von  Zurich  und  Umjjobung,  1885."    This  gifted  youug 
?eolo2^.st  lost  his  life  on  the  Jungfrau. 

*  Naturf.  Gesells.  Neujahrsblatt,  1891. 

'  Ver^^letchening  der  Deutschen  Alpeu,  1885  ;  Der  Alte  Rheingletschor,  18S6. 

*  Vergletchening  der  Salzach  Gebietos,  1886. 

'  Fluvio  Glaciale  Ablagerungen  der  Nordsch  weiz.  Geol.  Karte  SchTieii,  1^91. 
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is  still  preserved  on  the  Utliber^.  This  moraine,  which  is  much 
older  than  the  moraine  on  which  the  town  of  Zurich  is  chiefly  built, 
passes  gradually  into  moraine  sand  or  surface  moraine;  and  this 
again  passes  into  hollow  nagelfluh,  which  forms  a  cap  with  per- 
pendicular sides  from  60  to  100  feet  in  depth.  The  superposition 
referred  to  is  exceedingly  characteristic,  and  leaves  no  doubt  what- 
ever as  to  the  fluvio-glacial  origin  of  the  hollow  nagelfluh,  viz. 
as  having  been  deposited,  not  by  the  glaciers  themselves, 
but  subsequently  by  the  streams  emerging  from  them,  and 
following,  in  the  main,  the  lines  of  the  moraine  deposit.  The 
occurrence  of  this  Pliocene  nagelfluh  at  such  an  altitude  of  872 
metres  (2880  feet)  above  sea-level,  or  460  metres  (1620  feet) 
above  the  present  level  of  the  Limmat  valley  at  Zurich,  led  Prof. 
Heim  and  also  Prof.  Muhlberg,  an  authority  on  the  glacial  deposits 
of  the  Aare  Valley,  to  conjecture  that  that  nagelfluh  had  been  de- 
posited by  a  stream  flowing  at  that  altitude  between  the  glaciers 
of  the  Zurich  and  Zug  valleys ;  ^  but  the  occurrences  of  the  same 
Pliocene  nagelfluh  not  only  on  the  other  side  of  the  Zurich  lake,  but 
throughout  the  north  of  Switzerland,  in  a  line  between  Zurich  and 
the  Hhine,  clearly  show,  as  Dr.  Du  Pasquier  also  points  out,  that 
it  is  not  a  local  fluvio-glacial  deposit,  but  forms  part  of  the  Swiss 
Deckenschotter  as  a  whole. 

The  deposit  near  Baden  is  to  be  found  in  a  ravine  locally  called 
the  "  Teufelskeller,"  situated  at  about  470  metres  above  sea- level, 
viz.  about  1300  feet  lower  than  the  summit  of  the  Utliberg.  It 
constitutes  perpendicular  banks  thirty  to  a  hundred  feet  in  height, 
and  shows  all  the  characteristics  of  the  Utli  deposit,  which  by  the 
much  larger  rounded  oflf  pebbles  and  the  extremely  hard  cement 
consisting  of  thin  calcareous  films  or  skins,  distinguish  it  from  the 
younger  fluvio-glacial  gravel  deposits  of  the  Limmat  valley.  In 
this  occurrence  its  composition  is  more  or  less  uniform,  and  the 
banks  descend  too  much  below  the  surface  of  the  ground  to  show 
either  the  moraine  or  the  molasse  on  which  it  rests ;  but  on  the 
other  side  of  the  same  hill  there  is  a  quarry  about  40  feet  in 
vertical  depth,  which  is  not  mentioned  in  Dr.  Du  Pasquier's  ad- 
mirable work,  and  in  which  I  found  distinct  evidence  of  the  hollow 
nagelfluh  becoming  towards  the  base  of  the  quarry  gradually  a 
finer  and  looser  conglomerate,  and  passing  into  sand  and  surface 
moraine  as  shown  in  the  diagram.  The  principal  constituents  of  the 
hollow  nagelfluh  are  here,  as  on  Utliberg  and  elsewhere,  quartzite, 

1  Prof.  ITeim,  Neujahrsblatt,  1891.  Prof.  Heim  argues  that  the  glaciers 
preserved  the  Limmat  and  other  lake  valleys  from  being  choked  up  by  surface 
moraine,  since  they  carried  it  on  their  bocks  and  thus  served  as  a  bridge.  But 
these  valleys  must  have  been,  and  were,  filled  up  to  a  considerable  extent  by 
ground  moraine,  part  of  which  was  subsequently  again  removed  by  fluvial  erosion. 
J  udging  from  the  depth  at  which  the  ground  moraine  must  have  been  deposited  at 
the  boHom  of  some  of  these  preglacial  or  Miocene  valleys,  and  the  altitude  at  which 
sheet-gravel  is  found  (3300  feet  above  sea-level  at  the  Bachtel  east  of  Zurich,  and 
3500  feet  near  Bregenz  on  Lake  Constance),  the  glaciers  must  in  many  places  have 
reached  a  thickness  of  2000  feet  and  more.  Above  Amsteg,  in  the  Keuss  valley,  the 
glacier  scratches  reach  up  to  6600  feet,  and  in  the  Khone  valley  (Canton  Vaud) 
up  to  11|0U0  feet  altitude  above  sea-level. 
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horoBtone,  nammalitio  limestone,  dark  Alpine  limestone,  derived  from 
the  detritas  of  Miooene  nagelfluh,  red  limestone  or  sernifite,  green  or 
so-called  Tavayanaz  sandstone,  and  other  rocks  of  the  Glarus  Alps. 
Pebhles  of  Julier  and  Puntaiglas  (Rhine  watershed)  gabbro, 
granite,  and  diorite  which  abound  in  the  later  glacial  deposits,  are 
absent  in  this  nagelfluh :  hence  the  inference  that  its  constituents 
are  derived  exclusively  from  the  Glarus  Alps.^  Some  other  very 
large  deposits  of  hollow  nagelfluh  occur  in  the  Aare  Valley  and 
below  Turgi,  near  Kaiserstuhl  on  the  Rhine,  and  on  the  Irchel, 
bordering  on  the  Rhine  and  situated  about  half-way  in  a  line 
between  Zurich  and  Schafifhausen.  The  depoHits  named,  together 
with  other  intermediate  ones,  vary  in  altitude  above  sea-level  from 
300  to  872  metres  or,  roughly,  from  1000  to  3000  feet,  thus  forming 
a  belt  of  flnvio-glacial  deposit,  which  may,  therefore,  be  also  taken 
as  indicating  the  contour  line  and  limit  of  the  terminal  moraine 
of  the  first  Upper  Pliocene  glaciation. 

Second  Glaciation. — Upon  a  long  interglacial  Upper  Pleistocene 
period  of  erosion,  followed  a  second  and  far  more  extensive  glaciation, 
which  covered  the  whole  North  of  Switzerland  to  Basle  and  the 
Jura,  while  to  the  south-west  the  Rhone  glacier  advanced  as  far  as 
Lyons.  Of  the  glacial  deposits  of  this  period  I  examined,  among 
others,  the  very  typical  deposit  laid  open  in  a  quarry  on  the  so-called 
Allmend  of  Ziirichberg,  viz.  on  the  hill  above  the  town,  on  the  right 
of  the  lake  and  opposite  Utliberg,  at  an  altitude  of  about  570  metres 
or  1890  feet  above  sea-level.  In  this  deposit  the  boulder-clay, 
showing  the  usual  characteristics  of  larger  and  smaller  more  or  less 
angular  blocks  with  polished  and  striated  surfaces,  passes  gradually 
into  gravel-bearing  moraine  sand  or  surface  moraine,  which,  in  its 
turn,  is  covered  by  a  thin  layer  of  alluvial  soil.  This  gradation, 
shown  in  the  diagram,  is  observable  in  every  one  of  the  numerous 
smaller  quarries,  excavations  and  foundations  for  building  purposes 
on  the  Zurich  hills  flanking  the  lake  on  the  right  bank,  seeing  that 
these  hills  are  entirely  covered  with  the  deposits  of  the  second 
glaciation  resting  on  molasse.  The  gravel-beds  of  the  Limraat 
valley,  which  are  so  extensively  quarried  below  Zurich,  and  reach 
as  far  as  Turgi,  Waldhut,  and  Basle,  are  the  fluvio-glacial  deposits 
of  this  second  glaciation,  and  the  characteristic  feature  of  all  the 
three  gradations,  viz.  of  boulder-clay,  moraine  sand,  and  the 
glacier-stream  deposits,  is  that  their  material  is  largely  derived 
ifrom  rocks  of  the  Grisson  Alps,  such  as  granite  and  Marmels  gabbro' 
of  the  Julier  Alps  (Hinter-Rhine)  and  of  Puntaiglas  granite  and 
diorite  (Vorder-Rhine),  showing  that  in  Middle  Pliocene  times 
there  existed  a  connection  between  the  Rhine  and  Linth  valleys 
and  that  the  glaciers  of  the  former  considerably  reinforced  those 
of  the  latter. 

*  Puntaiglas  granite  and  diorite  are  derived  from  the  classic  locality  or  yalley  of 
the  same  name,  descending  from  the  southern  slopes  of  the  Todi  group  to  the  Vorder- 
Hhine  valley  near  Truns.  Sernifite  is  a  red  limestone  derived  from  the  Semf  valley 
in  the  Glamer  Alps  from  Glarus  to  Elm. 

'  Marmels  gaboro  is  derived  from  the  classic  locality  of  that  name,  situated  in  the 
0berhalt>8tein  or  Sur  yalley  (Julier  Pass)  of  (he  Grisson  Alps. 
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Third  Qlaciation, — The  enormous  second  glaciation,  during  which 
the  North  of  Switzerland  must  have  presented  an  appearance  similar 
to  that  of  Greenland  at  the  present  time,  was  followed,  after  another 
interglacial  (Middle  Pleistocene)  period,  by  the  third  glaciation,  the 
last  of  diluvial  times.  Among  the  deposits  of  this  last  glaciation 
are  those  on  the  low  range  of  hills  on  the  left  bank  of  the  lake  above 
Zurich,  and  here  I  examined  more  especially  the  extensive  quarries 
on  the  summit  of  the  ridge  and  near  the  Froschen-lake,  close  to  the 
high  road  which  connects  Thalweil  (on  the  lake)  with  Gattikon  (in 
the  Sihl  Valley).  In  these  quarries  (540  metres  or  1780  feet  above 
sea-level)  the  moraine  sand  and  boulder-clay  reaches  30  to  BO  feet 
in  depth.  The  deposits  consist  largely  of  calcareous  and  also 
siliceous  sand,  bearing  a  great  many  large  angular  blocks,  together 
with  smaller  ones,  partially  rounded-off,  polished  and  striated.  The 
deposits  in  the  mounds  overlying  the  gravel  beds  of  second  glacia- 
tion near  Eillwangen,  between  Zurich  and  Baden,  which  I  also 
examine<l,  present  similar  features,  but  the  characteristic  feature 
which  distinguishes  all  these  deposits  from  those  of  the  second 
glaciation  consists  in  the  blocks  and  pebbles,  viz.  grey,  red,  and 
black  limestone,  green  sandstone  with  black  spots,  derived  ex- 
clusively from  the  Glarner  Alps,  viz.  from  the  Linth  watershed, 
the  granites  and  other  rocks  of  the  Julier  Alps  and  the  Yorder- 
Bhine,  viz.  of  the  Rhine  drainage  area,  being  entirely  absent.  This 
fact  affords  substantial  proof  that  in  Upper  Pleistocene  times,  viz.  at 
the  time  of  the  third  glaciation,  the  connection  between  the  Bhine 
and  Linth  systems  was  already  severed  by  the  saddle  thrown  up 
by  the  Setz  and  Tamina  at  Sargans.  The  Linth  glacier,  properly 
speaking,  did  not  advance  beyond  Baden ;  on  receding  it  halted  at 
Eillwangen,  and  subsequently  was  for  a  long  time  stationary  near 
Zurich,  as  evidenced  by  the  terminal  moraine  walls  which  are  so 
characteristic  of  that  town. 

Conclusion. — After  the  great  folding,  thrusting,  and  raising  of  the 
Alps  in  Miocene  and  Pliocene  times,  coinciding  with  the  formation 
of  the  principal  Alpine  valleys,  and  accompanied  by  great  climatic 
changes,  we  have,  therefore : — 

(1)  A  first  glaciation  and  filling  up  of  the  valleys  by  glacial 
deposits,  the  limit  of  glaciation  or  terminal  moraine  in  the  North 
of  Switzerland  being  a  curve  between  Zurich  and  the  Khine  at 
Kaiserstuhl  and  Irschel,  and  the  axis  of  the  main  glacier  pointing 
in  the  direction  of  Waldshut,  the  present  confluence  of  the  Aare  and 
Bhine  systems. 

(2)  A  second  glaciation,  which,  in  the  North  of  Switzerland, 
spread  to  the  foot  of  the  Jura,  to  Basle,  and  the  Khine. 

(3)  A  third  glaciation,  which  did  not  spread  beyond  the  limits  of 
the  first,  viz.  to  within  10  miles  below  Zurich  on  the  one  hand,  and 
to  the  Rhine  as  far  as  Schaffhausen  on  the  other,  while  the  tongues 
of  the  Reuss  glacier  advanced  to  within  about  six  miles  of  Turgi 
and  Aaran,  the  Aare  glacier  to  within  ten  miles  of  Olten,  and  the 
northern  tongue  of  the  Rhone  glacier  extended  along  the  base  of  the 
Jura  to  about  four  miles  beyond  Soleure  in  the  present  Aare  valley. 
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The  general  limit  of  this  last  glaciation  in  the  North  of  Sw^itzerland 
would  therefore  be  indicated  by  a  curve  from  Schafifhausen  to  Zurich 
ind  Soleure.^ 

Upon  each  of  these  periods  of  filling  up,  there  followed  an  inter- 
glacial  period  of  erosion,  during  which  the  rivers  swept  away  and 
carried  towards  the  sea  the  greater  part  of  the  accumulated  glacial 
deposits.  The  first  of  these  interglacial  periods  must  have  been 
very  long  and  the  erosive  action  very  powerful,  seeing  that  in  the 
North  of  Switzerland  the  belt  of  hollow  nagelfluh  and  isolated  oc- 
carrenoes  of  moraine,  such  as  that  of  Utliberg,  are  the  only  surface 
remains  of  the  vast  amount  of  material  which  the  first  Pliocene 
glaciation  deposited,  both  through  direct  and  through  iiuvio-glacial 
action.  The  second  interglacial  period  was  of  much  shorter  duration ; 
Hear  estimated  it  at  6000  years;  but  it  lasted  at  any  rate  long 
enoagh  to  produce  the  lignite  deposits  near  Durutcn,  Wetzikon, 
Uzoach,  and  Rorschach  and  the  similar  lignite  bands  near  the  Lake 
of  Thune,  which  escaped  or  resisted  the  erosive  action  of  the  old 
Linth  and  of  the  Eander  respectively ;  and,  together  with  the 
debris-cone  in  the  Lorze  valley  near  Zug,  constitute  indisputable 
evidence  of  that  second  interglacial  period.'  The  third  period  of 
glaciation  and  filling-up  was  succeeded  by  our  own  alluvial  time, 
which  is  again  a  period  of  active  erosion.  This  is  evidenced  by 
such  rivers  as  the  Rhine,  the  Aare,  and  the  Limmat,  of  which  the 
former  has  at  various  points  eroded  all  the  successive  glacial  and 
flavio-glacial   deposits^  down  to  the  solid  rock,  and   has  thereby 

'  Broadly  speaking,  the  three  glaciations  are  typically  represented  in  the  Zurich 
Bistrict  by  the  three  ranges  of  hills  running  parallel  to  the  lake,  viz.  : — 

l»t  glaciation,  moraine  of  Htliberg  or  Albiz  range,  mean  altitude  2G00  feet. 
2nd        „  ,,  Zuricbberg  ,,  ,,  1800 

3rd  , ,  Gattikon  hills,  and  belt  of 


»» 
moraine  walls  m  Zurich  )       **  " 


above  sea-level,  or  1150,  450,  and  150  feet  above  lake-level  respoctivoly.  In  all 
cases,  the  moraine  rests  on  molasse.  Quite  recently  I  had  occasion  agaiu  to  examine 
these  deposits  in  the  company  of  Prof.  Bonney. 

*  Among  the  deposits  of  the  second  interglacial  period  should  be  further  noted  the 
"Lods/*  viz.  the  fane  sand  and  loam  which  occurs  extensively  alouj?  the  foot  of  the 
Jara,  as  well  as  in  the  Rhine  valley  near  Rhinfelden  and  lijisle,  and  also  in  the  Aare 
TaJley  near  Aaran,  and  again  near  the  contluence  of  the  Aare  and  the  Rhine,  and 
generally  rests  on  the  fluvio-glacial  deposits  of  the  second  glaciation.  liy  some 
?('olo^.sts  this  Loss  has  been  held  to  be  simply  mud,  deposited  by  rivers  when  in 
flood ;  bv  others  as  the  product  of  chemicjd  motamorpliisin ;  and  again  by  others, 
such  as  Professors  Richthofcn  and  Muhlborg,  as  of  ^'Eolian  origin,  viz.  as  blown 
6and,  this  latter  theory  being  the  one  now  in  vogue.  Further  interglacial  evidence  is 
afforded  by  the  so-called  lake-chalk  of  Zurich,  viz.  the  chalk  which  separates  out  of 
the  lake  water,  and  a  deposit  of  which  was  found  in  the  bed  ol  the  Limniat  at  the  lower 
end  of  the  lake,  between  the  moraine  of  the  second  and  third  glaciatious. 

'  The  fluvio-jylacial  deposits  or  gravel-beds  of  the  second  and  third  glaciations, 
which  in  the  Noirth  of  Switzerland  extend  along  th<;  principal  rivers  to  their  con- 
fluence with  the  Rhine,  and  thence  and  beyond  to  Basle,  are  called  by  Dr.  l)ii  Pasquier 
the  Upper- Terrace  and  Lower-Terrace  Gravels  respectively.  The  moraines  of  the 
second  and  tliini  glaciations  are  called  by  Swiss  geologists  the  "outer"  and  "inner'* 


penultii 
*'old*'  glacial  period;  I  have  called  them  simply  first,  second,  and  third  glaciations. 
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produced  the  rapids  of  Kaiserstohl,  Laafenborg,  Bheinfelden, 
and  others,  while  similarly  the  Aare  has  in  Tarions  places,  e,g,  at 
Brugg  and  Laufthor,  eroded  the  gravel  and  moraine  of  the  three 
glaciations  down  to  the  molasse,  and  the  Limmat  at  Wettingea 
below  Zurich,  and  again  between  Baden  and  Turgi  near  its  confluence 
with  the  KeuRs  and  Aare,  is  now  eroding  the  molasse  itself. 

The  following  Table  shows  at  a  glance  the  succession  and  extent 
of  the  three  glaciations : — 


Interglacial  ? 

Alluvial 

Present 

Erosion  of  vaUeys 

Peat-moors  on  ground 

time 

moraine.^ 

Third 

Upper 

\ 

Filling -up 

>i 

Terminal  moraine :  Schaff- 

Gla«*iation 

Pleistocene    ; 

hausen,  Zurich,  Soleiire. 

Second 

Middle        1 

Erosion 

>f 

Interglacial  liprnite  deposits : 
Dumten,  Kander,  Zurich 

Interglacial 

Pleistocene 

lake  chalk,  Lorze  debris- 

'  Diluvial 

cone  Loss. 

Second 

Middle 

Filling-up 

* 

jt 

Terminal  moraine :  Schtff- 

Glacintion 

Pleistocene 

hausen,  Basle,  Jura. 

First 

Lower 

Enisiun 

a 

(Formation  of  Alpine 

Tnterglacial 

Pleistocene 

) 

lakes.) 

Filling-up 

)> 

Terminal  moraine :  Schaff- 

First 

Upper 

hausen,  Zurich,  Soleure. 

Glacintion 

Pliocene 

Enwion 

It 

(Formation  of  Alpine  and 

Nagelfluh   ) 

Lower 

.Tertiary 

8ub-Alpine  yalleys.) 

and        } 

Plioct'uo 

Molasse      ; 

Miocene 

Filliug-up 

>> 

(Sub -tropical    fresh  water 

1^           ! 

1 

basin.) 

As  regards,  in  conclusion,  the  question  whether  we  live  in  another 
genial  interglacial  period,  and  have  to  face  the  contingency  of  a 
further  recurrence  of  glaciation  and  of  a  refilling  of  the  valleys  fol- 
lowing upon  the  present  period  of  erosion,  that  contingency  is  not 
nearly  so  remote  as  might  appear.  During  the  present  century  the 
Alpine  glaciers  have  shown  considerable  fluctuations.  In  the  first 
quarter  of  the  century,  they  steadily  advanced,  and  this  advance 
reached  it  maximum  between  1820  and  1830.  Tliey  then  receded, 
but  after  various  fluctuations  advanced  again  between  1850  and 
1860.  Tlien  followed  another  period  of  shrinkage,  the  glaciers 
reaching  a  minimum  in  1880.  since  which  time  there  has  been  a  fresh 
advance  at  an  ascertained  average  rate  of  100  metres  or  about  330 
feet  per  annum,  say  one  foot  per  day.  These  fluctuations  are  easily 
accountable  when  we  consider  that  the  mean  annual  temperature 
within  a  given  district  or  watershed  not  infrequently  varies  as  much 
as  3^  G.  or  about  6^  F.  in  consecutive  years,  and  that  a  decrease  of 

*  Peat-moorn,  such  as  those  in  the  Glatt  ralley  X.E.  of  Zurich  and  on  the  hilli 
(Zurich  berg)  which  se^varate  that  valley  and  the  lake  of  Zuricli,  are  always  an 
infallible  crit^erion  of  ground  moraine  undorlyiu^  them.     This  ground  moraine  or 


compact.     

Surface  moraine  or  m«>raino  sand,  on  the  other  hand,  is  hi<Erhly  conducive  to  vc-geta- 
tion,  owing  to  its  permeability  and  the  consequent  decomposition  of  alkali  producing 
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ooljr  1°  C.  ta  eaffiraent  to  canse  tie  anow-line  to  deBoend  abont  300 
feet  while  the  glaoiera  advanoe,  tinite,  and  spread  at  a  mnch  more 
npid  rate.  A  gradual  drop  of  the  present  mean  temperature  of 
■ab-Alpine  Switzerland  of  2°  C,  vis.  from  9°  to  7°  0.  would  aufGce 
to  bring  the  glacier- tenniDale  from  their  preeent  mean  level  of  3800 
feet  down  to  2800  feet,  and  a  further  drop  to  4°  C.  or  39°  F.  would 
briog  them  again  to  the  level  of  the  lakes  of  Conatanoe,  Zui-ich, 

Itt.CtUcIaTiov. 
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Laceme,  Thune,  and  Geneva.  But  climatic  changes  of  such  com- 
pntive  magnitmle,  bo  far  as  they  are  dependent  on  purely  local 
(iWomeoa,  could  only  be  brought  about  by  a  new  gradual  upheaval 
or  upward  thruRting  of  the  AJpn,  which  would  largely  increase  the 
ma,  and  therefore  the  quantity  of  precipitation  ;  in  the  meantime, 
■here  is  now  indisputable  evidence  of  three  glaciations  having 
*lieady  taken  place.     Sufficient  unto  the  day  is  the  evil  tWeot. 
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VL — NOTBS    ON   THE   COMPOSITION    OF    ClATS,   SlATBS,    ETC.,   AND    ON 

SoMB  Points  in  their  Contact- Metamobphish. 
By  "W.  Mayna&d  Hutchings,  Esq. 

MB.  TEALL,  in  his  very  interesting  and  suggestive  address 
to  the  Geological  Section  of  the  British  Association  at 
Nottingham,  alluded  to  the  composition  of  sediments  (clays,  etc.)  as 
compared  with  that  of  older  sedimentary  rocks,  and  specially  to  the 
amount  of  alkali  contained  in  them. 

At  the  time  he  made  his  remarks  I  was  engaged  on  some  analyses 
of  clays,  with  a  view  to  gaining  information  on  this  particular  point, 
in  connection  with  studies  of  clays  and  slates  which  I  have  been 
carrying  on  for  some  years,  and  on  which  I  have  published  papers 
in  this  Magazine  on  former  occasions.  The  results  of  these  analyses, 
and  some  considerations  arising  out  of  them,  I  propose  to  give  as 
the  first  item  of  these  present  '*  notes." 

For  reasons  which  I  stated  on  a  previous  occasion,  I  have  taken 
for  special  study  the  series  of  clays  and  shales  which  occur  in 
the  Coal-measures,  and  of  these  I  have  used  for  detailed  microscopical 
examination  only  such  occurrences  as  were  not  in  contact  with  Coal- 
seams.  I  did  this  because,  wherever  a  bed  of  clay  or  shale  has  had  a 
seam  of  Coal  immediately  above  it,  we  may  assume  that  it  has  served 
as  the  soil  on  which  the  vegetation  grew  which  produced  the  Coal, 
and  has  thus  been  deprived  of  large  amounts  of  alkali,  and  so  altered 
in  its  chemical  composition  in  a  manner  which  would  not  apply  to 
quite  similar  deposits  of  sediment  in  other  formations.  Also  beds 
of  clay  and  shale  occurring  with  Coal  are  often  broken  up, — are 
'unstratified, — and  so  affected  mechanically  as  well  as  chemically,  and 
rendered  less  suitable  for  the  observations  I  had  in  view. 

I  have  always  maintained,  and  still  maintain  the  more  strongly 
the  more  I  examine  them,  that  the  clays  and  shales  of  the  Carbon- 
iferous beds  represent  the  waste  of  granitic  or  gneissic  areas  practically 
''  pure  and  simple,"  and  that  they  are  in  all  respects  the  counterparts 
of  the  sediments  which  gave  the  materials  for  the  principal  masses 
of  slates  and  slaty  grits  of  the  older  geological  formations.  But 
there  was  always  an  apparent  chemical  difficulty  in  the  way,  inasmuch 
as  the  published  analyses  of  these  carboniferous  clays  showed  so  little 
alkali  that  they  could  not  be  supposed  capable  of  yielding  slates  of 
average  composition  unless  some  means  were  assumed  by  which 
alkali  could  be  added,  and  no  such  means  could  be  suggested  for 
which  there  is  any  evidence.  This  difficulty  was  also  pointed  out 
to  me  by  others,  among  whom  was  my  friend  Mr.  Teall  himself. 

I  was  convinced  from  microscopical  work,  levigations,  etc.,  that  in 
the  clays  examined  there  was  much  more  potash-mica  than  would  be 
represented  by  the  alkalies  usually  reported  in  the  analyses  on  record. 
In  considering  these  analyses  several  points  must  be  kept  in  view. 
For  one  thing,  just  the  clays  which  I  avoided  as  being  abnormal 
from  a  geological  standpoint  are  those  of  most  industrial  importance, 
and  therefore  most  analysed ;  a  clay  being  usually  a  better  **  fireclay  " 
the  less  alkali  it  contains.     Then  again,  many  of  the  analyses  aie 
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old  and  were  made  when  the  determination  of  alkalies  was  not  so 
ea8y  and  so  accurate  as  it  has  been  since  the  Lawrence  Smith  method 
came  into  general  use.  In  many  analyses,  again,  alkalies  were  simply 
determined  "  by  difference,"  and  the  figures  are  worse  than  useless. 
In  many  other  cases  potash  only  is  given,  and  it  is  not  too  mucli  to 
say  that  many  "technical"  analyses  are  not  carefully  enough  made 
to  render  them  available  for  scientific  purposes. 

It  would  not  serve  any  useful  purpose  here  to  quote  a  large 
namber  of  analyses  of  "fireclays,"  but  the  following  figures  may 
be  of  interest.  They  give  the  average  percentages  of  silica,  alumina, 
and  potash  in  a  series  of  eight  analyses  made  by  Mr.  E.  Riley  on 
clays  from  the  Dowlais  Coal-field.  Mr.  Riley's  name  is  an  assurance 
of  the  accuracy  of  any  analyses  made  by  him  : — 

Silica. 

Maximum    67*12 

Minimum     44-25 

Average       53*39 

It  may  be  remarked  that  Mr.  Riley  has  not  determined  soda, 
thoQgh  this  is  present  in  all  fireclays, — according  to  my  own 
examinations  being  usually  about  one-fourth  of  the  amount  of  potash. 
Moreover,  the  avei'age  amount  of  water  and  organic  matter  in  the 
above  analyses  was  11*63  per  cent  The  loss  by  ignition  of  an 
average  slate  is  about  3  per  cent,  only,  so  that  for  purposes  of 
comparison  the  alkali  in  the  above  figures  would  have  to  be  increased 
about  8  per  cent 

1  have  made  with  the  greatest  care  a  series  of  six  analyses.  For 
this  purpose  I  used  the  material  in  my  possession  in  the  form  of 
a  namber  of  cores  from  a  bore- hole  put  down  in  the  Coal-field  at 
Agpatria,  near  Carlisle.  The  bore-hole  was  800  feet  deep,  and  the 
specimens  represent  various  beds  of  sandstone,  shale,  and  clay,  with 
the  gradations  between  them.  For  microscopic  examination  I  have 
made  sections  of  this  material  from  eighteen  different  points. 

The  analyses  of  the  sandstones  and  very  quartzy  clays  and  shales 
would  have  no  special  interest.  I  have  selected  samples  of  very 
fine-grained  clay  representing  beds  at  various  depths  from  330  feet 
to  685  feet,  and  one  bed  of  more  quartzy  material.  None  of  these 
were  in  contact  with  Coal.  The  clays  are  very  compact  and  hard. 
Ground  with  water  they  are  exceedingly  plastic. 

No.  1  contains  a  good  deal  of  quartz,  which  is  seen  under  the 
microscope  as  evenly  dispersed  grains.  Nos.  2-6  are  among  the 
finest-grained  clays  I  have  seen.  The  quartz  present  is  so  finely 
divided  that  it  cannot  be  detected  at  all  among  the  mica,  etc.,  in 
slides,  and  can  only  be  found  by  levigation.  No  felspar  can  be 
detected  at  all.  They  are  the  most  completely  micaceous  samples  in 
my  possession,  and  it  is  safe  to  say  that  very  nearly  all  this  mica  is 
newly  formed  in  situ. 

The  analyses  were  made  on  samples  dried  at  220°  F. 

Titanic  acid  has  not  been  determined,  and  is  therefore  contained 
in  the  silica  and  the  alumina  of  the  analyses.  Taking;  the  careful 
research  of  Mr.  Riley  on  the  presence  of  titanic  acid  in  cla^s  «l^  «^ 
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gaide,  we  may  reckon  its  amount  as  rather  over  1  per  cent.  Its 
determination  was  not  important  for  the  purpose  of  these  analyses. 
The  iron  present  is  all  given  as  ferric  oxide,  though  a  small  part  of 
it  is  in  the  state  of  ferrous  oxide.  This  partly  causes  the  excess  in 
tlie  analyses.  Traces  of  phosphoric  and  sulphuric  acid,  eta,  have 
not  heen  determined.  From  these  analyses  it  will  he  seen  that  these 
clays  would  be  capable,  chemically  considered,  of  transformation 


•     No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  6. 

No.  6. 
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66-30  p.c. 

18-95   „ 

4-35   „ 

0-60   „ 

1     1-04    „ 

■     3-18   „ 

0-54   „ 

j     6-35   „ 

69-28  p.c. 

21-85  „ 
6-80  „ 
0-45  „ 
1-24  „ 
413  „ 
1-18  „ 
6-25   „ 

100-18 

56-85  p.c. 

24-58  „ 
6-30  „ 
0-62  „ 
0-94  „ 
3-78  „ 
1-44  „ 
716   „ 

59-25  p.c. 

21-93  „ 
6-65  „ 
0-55  „ 
1-42  „ 
4-21  „ 
1-08  „ 
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63-67  p.c. 
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0-97  „ 
7-65   „ 

64-46  p.c. 
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into  very  typical  "  clay-slates."  Mineral ogtcally  they  are  clay-slates, 
having  already  undergone  all,  or  nearly  all,  the  mineral  changes 
requisite  to  constitute  the  normal  (unaltered)  slates.  Nothing  more 
is  needed  but  physical  changes,  such  as  compacting,  arrangement  of 
mica  in  a  plane,  increase  of  size  of  mica,  etc. 

The  analyses  of  slates  are  very  numerous,  and  there  is  no  need  to 
burden  this  paper  with  a  reproduction  of  them  ;  but,  for  comparison, 
I  have  taken,  at  random,  eight  analyses  given  by  Roth  in  his 
*'  Allgemeine  Geologie,"  1890,  among  a  list  of  analyses  of  slates 
from  various  parts  of  Europe. 


Silica. 
65-84 
50-01 
67-93 


Alumina. 

27-93 

17-10 

22-76 


Potash  and  Soda. 
6-06 
3-26 
607 


Potash  and  Soda. 
607 
2-39 
4-36 


Maximum    

Minimam     

Average       

Or  again,  taking  nine  analyses  given  in  Eenard's  work  on  the  slates 
of  the*  Ardennes,  the  figures  are — 

Silica.  Alnmina. 

Maximum     61-57  3195 

Minimum     45-60  16*96 

Average       67-20  2187 

It  will  be  seen  how  striking  is  the  approximation  of  the  average 
figures  of  these  seventeen  analyses,  and  also  how  closely  they  agree 
with  the  average  figures  in  the  analyses  of  fireclays  made  by  me. 

Further,  in  making  these  analyses  I  had  in  view  the  question  as 
to  whether  or  not  kaoline  is  present  in  these  clays  to  any  extent. 

I  have  not  been  able  to  definitely  satisfy  myself  by  microscopic 
examination  on  this  point,  but  have  rather  come  to  the  conclusion 
tlmt  it  is  either  absent  or  only  very  subordinate,  and  I  think  the 
analyses  confirm  this  view,  as  regards  these  special  samples  at  all 
events. 
Seeing  that  do  felspar  is  detected  in  them,  we  may  assume  that  the 
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alkali  present  is  combined  in  the  very  abundant  mica,  and  we  can 
caloolate  by  Tschermak's  formulae,  as  Kenard  does  in  bis  slate 
analyses,  the  alumina  that  would  be  required  to  form  muscovite,  with 
a  proportion  of  paragonite  due  to  the  soda.  If  we  do  this,  we  find 
that  the  alumina  required  is  respectively  :  No.  2=:  19*39  per  cent, 
No.  3=19-54  per  cent.  No.  4=  19  16  per  cent.,  No.  5= 19  04  per 
oeat,  and  No.  6=19-29  per  cent.,  leaving  only  2*46  per  cent,  504 
per  cent,  2*78  per  cent,  6-49  per  cent.,  4*46  per  cent.,  available  for 
kaoline  or  any  other  combinations. 

These  figures  are  on  the  assumption  that  only  the  alkali  is  present 
in  the  mica,  requiring  alumina  in  proportion.  But  it  is  more  than 
probable,  as  Kenard  considers,  that  part,  at  least,  of  the  magnesia, 
anil  perhaps  some  of  the  lime,  are  also  combined  in  this  mica,  in 
which  case  a  good  deal  more  alumina  would  be  required,  though 
this  would  be  partly  compensated,  possibly,  by  the  replacement  of 
Bome  alumina  by  ferric  oxide.  At  any  rate,  these  calculations  are 
able  to  show  that  not  very  much  kaoline  can  be  present  in  these 
clays  as  they  now  are.  And  the  evidence,  chemical  and  microscopical, 
leads  to  the  belief  that,  supposing  kaoline  formed  a  part  of  the 
original  deposits,  as  it  probably  did,  it  was  either  sparingly  repre- 
sented or  has  been  altered  since.  The  same  arguments,  supported 
hy  analyses,  apply  equally  to  many  slates  in  which  no  felspar  can  be 
detected,  in  which  mica  is  the  only  mineral  present  which  contains 
alkali,  and  in  which  very  little  alumina  is  available  after  calculating 
what  is  required  for  this  mica. 

Of  course  there  is  no  doubt  that  there  are  clays,  in  the  Coal- 
Dieasures  and  elsewhere,  whose  analyses  show  that  a  great  deal  of 
silicate  of  alumina  is  present  as  such.  Some  of  the  **  fireclays"  are 
examples  of  this,  owing  to  removal  of  alkali  by  vegetation  from  the 
original  felspar,  and  perhaps  also  from  the  mica  originally  deposited. 
And  there  are  slates  of  similar  composition  in  the  older  formations. 
TLey  are,  however,  few  in  proportion  to  what  may  be  called  normally 
composed  slates. 

The  mistake  is  often  made  of  speaking  of  clays  as  if  they  were 
largely,  or  mainly,  composed  of  the  chemical  waste  of  felspars,  and 
as  if  this  must  always  be  kaoline.  As  I  have  previously  shown,  an 
examination  of  any  series  of  the  gradations  from  fine-grained  clays 
into  shales  and  sandstones  disproves  this  completely.  There  is  a 
great  deal  of  felspar  present  which  has  been  brought  down  as  such. 
A  decomposing  felspar  will  be  more  easily  broken  up  by  denudation, 
and  with  the  products  of  decomposition  there  will  be  carried  away 
the  fragments  of  the  mineral  itself,  together  with  other  felspar 
fragments  not  necessarily  from  decomposing  crystals.  In  the  coarser 
parts  of  the  deposits  this  felspar  has  partly  survived ;  in  the  finer 
mud  it  has  all  passed  into  secondary  products.  We  know,  from  the 
experiments  of  Daubree  and  others,  how  rapidly  and  easily  felspar 
is  decomposed  \vhen  in  a  very  fine  state  of  division.  8o  far  as  I 
have  been  able  to  follow  the  subject,  this  decomposition,  alter  deposit 
in  these  clays,  leads  to  the  -formation  of  mica  and  not  of  ka«)line. 
Continued  attention,  which  1  have  paid  to  the  alteration  oi  Ms^^t 
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in  granites,  and  also  in  andesites  and  other  rocks,  con  firms  me  in 
the  opinion  that  there  also,  though  both  occur,  micaceous  decom- 
position is  very  much  more  usual  than  kaolinitio.  And  it  is  quite 
reasonable  to  suppose  that  when  kaoline  is  deposited  together  with 
much  felspar,  biotite,  muscovite,  etc.,  the  changes  which  afterwards 
take  place,  involving  as  they  do  a  micaceous  alteration  of  the  felspar 
with  liberation  of  alkaline  silicate  in  solution,  may  effect  a  conversion 
of  more  or  less  of  the  kaoline  into  mica,  a  process  chemically  quite 
simple,  and  quite  probable  under  the  conditions  of  pressure  and 
temperature  we  know  to  have  existed. 

The  examination,  microscopical  and  chemical,  of  the  materials 
from  this  bore-hole  has  also  been  of  interest  as  showing  the  very 
uniform  conditions  as  to  nature  of  deposit  of  this  not  inconsiderable 
thickness.  It  will  be  seen  thai  the  five  seams  of  fine-grained  clay, 
separated  though  they  are  by  very  much  coarser  beds,  and  deposited 
at  what  must  have  been  good  long  intervals  of  time,  yet  show  only 
comparatively  small  variations  in  composition. 

On  a  future  occasion  I  hope  to  deal  with  some  of  the  more  modem 
clays,  having  different  compositions  from  those  now  under  consider- 
ation, and  I  think  also  more  or  less  different  origins.  Clays  such  as 
I  allude  to  have  not,  I  consider,  played  any  noticeable  part  in 
providing  the  materials  for  the  older  slates  and  grits. 

In  the  Geological  Magazine  for  October,  1891,  I  contributed 
some  "  Notes  on  the  altered  Coniston  Flags  at  Shap,"  in  which, 
among  other  things,  I  dealt  with  the  question  of  newly-formed 
felspar  in  these  rocks  and  with  the  nature  of  the  "clear  spots" 
observed  in  them.  To  these  two  points  I  wish  now  to  recur,  having 
continued  to  study  these  special  rocks  at  Shap,  and  also  having  paid 
much  attention  to  similar  rocks  in  general. 

As  regards  newly -formed  felspar  at  Shap,  Harker  and  Marr,  in 
their  work  on  these  rocks,  had  stated  that  they  looked  on  its  presence 
as  probable,  but  they  did  not  definitely  assert  it.  I  had  made  every 
effort  to  make  sure  on  this  point,  but  was  obliged  to  stat«  that  I 
could  not  obtain  any  proofs  by  microscopic  tests,  of  its  presence. 

I  must  now  retract  this  and  say  that  not  only  is  new  felspar 
present  in  these  rocks,  but  that  it  is  at  some  parts  of  the  exposure 
very  abundant  in  the  '*  mosaic  **  which  is  well  developed  near  the 
granite.  This  altered  conclusion  is  due  to  some  extent  to  the 
additional  number  of  very  thin  sections  examined,  of  which  I  have 
now  a  series  from  over  twenty  points  along  the  limited  exposure  in 
Wasdale  Beck ;  but  is  due  much  more  to  improvements  in  the 
appliances  I  have  used.  A  few  remarks  on  this  subject  may  not  be 
out  of  place  here. 

Everybody  who  has  tried,  to  do  much  work  on  minute  mineral 
sections  in  convergent  polarized  light,  using,  say,  \  inch  objectives, 
knows  what  a  terribly  unsatisfactory  thing  even  the  best  rotating 
stage  is.  It  is  not  too  much  to  say  that  '*  that  way  madness  lies." 
I  had  a  "  Dick  "  microscope  made  for  me  by  Swift  and  Son,  fitted 
with  a  good  condenser.  The  benefit  of  the  change  to  this  instru- 
ment can  only  be  fully  understood  by  those  who  have  tried  it ;  one 
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regrets  every  hour  wasted  in  using  the  old  rotating-stage  horror !  But 
the  full  advantage  of  the  change  for  the  special  class  of  work  in 
question  was  only  realized  when  my  friend  Mr.  Dick  persuaded  me 
to  use  a  tV  inch  oil-immersion  ohjective,  a  thing  that  would  have 
been  quite  out  of  the  question  with  the  rotating-stage.  The  optic 
figures  obtained  by  its  use  (of  course  in  combination  with  a  suitable 
condenser,  and  with  a  sufficiently  small  perforation  in  the  diaphragm 
under  the  eye-piece)  are  quite  good  and  certain  where  those  got  by 
means  of  a  high-angled  ^  inch  are  too  indistinct  to  be  of  any  value, 
or  where  the  mineral  under  observation  is  so  small  in  area,  and  so 
thin  in  section,  that  the  ^  inch  gives  no  figure  at  all. 

Thus,  these  contact-slates  have  to  be  sliced  extremely  thin  in  order 
that  there  may  not  beany  superposition  of  minerals,  and  in  these  very 
thin  sections  nothing  but  optic  figures  in  convergent  light  can  usually 
safely  decide  whether  given  grains  of  the  mosaic  are  quartz  or 
felspar,  the  felspar-grains  being  without  cleavage.^ 

There  are  also  very  great  advantages  in  using  these  lenses  for 
other  special  purposes  outside  of  the  study  of  optic  figures,  as  for 
the  examination  of  minute  structures,  enclosures,  etc.  Those 
petrologists  who  are  using  these  high-power  immersion-lenses  (there 
is  no  need  to  stop  at  -iV  inch)  will,  I  think,  fully  concur  in  what  I 
have  said  above,  and  in  the  desirability  of  encouraging  their  use  by 
others  who  may  still  regard  them  as  rather  outside  the  requirements 
of  the  petrol ogical  microscope. 

In  the  altered  slates  at  Shap,  then,  felspar  is  plentiful.  In  some 
slides  there  appears  to  be  almost  as  much  felspar  as  quartz  in 
the  limpid  mosaic.  The  grains  of  it,  like  those  of  the  quartz,  are 
rich  in  enclosed  microlites  and  have  frequently  the  more  or  less 
sharply  bounded  polygonal  outlines  so  characteristic  of  both  these 
minerals  in  fully  developed  mosaics  of  con  tact- rocks.  This  mosaic, 
or "  tesselated  "  structure,  when  at  its  best,  is  so  very  like  the  cells 
of  a  honeycomb  that  in  German  literature  it  is  frequently  spoken  of 
as  "honeycomb-like."  This  is  such  a  very  good  description  of  it 
that  it  is  almost  a  pity  the  word  is  already  appropriated  among  us 
for  another  meaning. 

I  have  made  the  following  two  analyses  to  show  the  composition 
of  the  "  flags  "  of  Wasdale  Beck.  The  same  remarks  apply  here, 
as  regards  the  non-determination  of  titanic  acid,  and  the  statement 
of  all  the  iron  as  ferric  oxide,  as  in  the  case  of  the  analyses  of  clays 
already  given  : —  (Analyses  on  p.  42.) 
il  is  a  sample  of  the  rock  exposed  in  Wasdale  Beck,  near  the 

^  There  is  an  appearance  to  be  seen  in  these  newly-formed  felspars  which  is  of  the 
greatest  dia^ostic  value.  This  is  a  peculiar  striation,  best  seen  in  polarized  lii^ht. 
It  does  not  seem  to  be  either  a  cleavage  or  a  twinnin«:.  It  appears  to  be  peculiarly 
characteristic  of  felspar  formed  at  contacts,  and  has  been  so  noted  by  observers.  It 
is  duly  emphasized  by  Zirkel  in  his  latest  volume.  Unfortunately  it  is  not  regular  in 
its  appearance,  and  there  are  plenty  of  mosaics,  especially  those  of  smaller  grain,  with 
»  good  proportion  of  felspar,  in  which  it  is  not  seen.  Where  it  does  appear  it  may 
be  relied  upon  as  evidence  at  once.  All  grains  showing  it  are  felspar,  and  I  have  not 
come  across  any  case  where  grains  of  this  sort  are  seen  in  a  mosaic,  where  a  good  deal 
ol  ielspar  is  not  also  present  in  an  uustriated  condition. 
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hotel.  It  is  a  moderately  altered  slate,  containing  a  good  deal  of 
quartz.  Biotite  has  formed  in  considerahle  amoant,  hut  the  quartz 
is  still  distinctly  clastic.  No  sign  of  felspar  is  seen,  and  there  are 
here  no  "  spots."  B  is  from  a  point  ahout  three-quarters  of  a  mile 
away  up  the  stream,  almost  the  highest  exposure  in  the  Beck,  and 
about  300  to  400  yards  away  from  the  outcrop  of  the  granite.  How 
near  it  may  be  to  the  actual  contact  cannot  be  stated,  because  we  do  ^ 

A.  B. 

Silica 58-55  per  cent 61*05  per  cent. 

Alumina      1713  „                17*95  „ 

Ferric  Oxide       ...       8*95  „                6-64  „ 

Lime    6-90  ,,                1*65  ,, 

Magnesia     3*85  „                S'06  „ 

Potash 3-44  ,,                 5*33  ,, 

Soda    1*56  „                2*55  „ 

Water 1-26  „                2*64  „ 

100*63  100*77 

not  know  the  contour  of  the  granite  underground  ;  but  it  is  certainly 
not  very  far  away  from  it.  Tlie  rock  is  here  very  completely 
"  regenerated ;  **  not  a  particle  of  original  quartz  remains,  felspar 
is  abundant,  and  there  are  many  spots  of  various  kinds. 

It  will  be  noted  that  B  is  unusually  rich  in  alkali  for  a  slate, 
though  the  figures  can  be  closely  paralleled  by  those  of  some 
other  published  analyses.  So  far  as  can  be  judged  from  the  appear- 
ance of  the  rocks  and  their  relationship  to  the  line  of  strike,  the 
two  specimens  represent  the  same  slate. 

There  is  nothing  in  the  analyses,  in  spite  of  the  increase  of  nearly 
3  per  cent,  in  the  total  alkalies,  to  justify  any  inference  that  a 
transfer  of  material  has  taken  place  from  the  granite  to  the  slate. 
The  balance  of  the  accumulated  evidence  on  this  question  appears  to 
show  that  such  transfer  is  either  non-existent  or  very  rare,  except 
perhaps  at  the  actual  junction,  and  the  above  analyses  are  quite  in 
harmony  with  this.  Slates  and  shales  are  known  to  vary  considerably 
in  composition,  within  very  moderate  distances,  in  the  same  layers. 
A  is  much  more  calcareous  and  also  more  ferruginous  than  B,  and 
this  causes  the  main  difference.  It  will  also  be  noted  that  the 
proportion  of  potash  to  soda  is  almost  identical  in  both  cases,  a  fact 
wliich  speaks  strongly  against  the  idea  of  the  introduction  of  any 
alkali  from  an  external  source. 

Concerning  the  question  of  newly-formed  felspar  in  contact-slates, 
etc.,  it  is  to  be  remarked  that  more  recent  observations  tend  to  show 
that  its  occurrence  is  not  by  any  means  so  rare  as  was  at  one  time 
supposed.  This  fact  is  em{)hasized  by  R.  Beck,  in  a  paper  in  which 
he  records  his  own  observation  of  felspar  in  the  contact-rocks  of  the 
Elbe  Valley  (Tschermak's  Min.  and  Petrog.  Mittheilungen,  p.  13, 
1893),  and  refers  to  a  list  of  other  notices  of  similar  occurrences.  I 
may  state  that  having  myself  of  late  very  carefully  examined 
specially  prepared  slides  of  a  good  number  of  contact-slates,  etc.,  from 
various  places  on  the  Continent,  I  have  found  them  to  contain  felspar 
in  frequent  instances,  its  occurrence  not  having  been  previously 
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reoorded  in  pablished  desoriptions  of  the  rocks  from  somo  of  the 
localities.  Thus,  among  others,  notably  the  andalusite-hornfels  of 
Audlau  and  neighbourhood  is  rich  in  felspar.  Also  the  hornfels  of 
Spitzenberg,  in  the  Harz,  the  "  Knotenglimmerschiefer "  of  Sau- 
Bchwart,  in  the  Erzgebirge,  and  several  others,  contain  large 
amounts  of  newly-formed  felspar.  My  own  impression  is  that  in 
most  of  the  contact-mosaics  of  normal  slates  and  slaty  grits  an 
examination  of  very  thin  sections,  with  adequate  optical  appliances, 
will  show  felspar  to  be  present;  that  its  occurrence  at  contacts 
is,  in  fact,  rather  the  rule  than  the  exception.^ 

The  other  point  to  which  I  wished  to  recur  is  that  of  the  nature 
of  the  ''  spots  "  in  the  rock  at  Shap,  and  in  contact-rocks  generally. 

The  composition  and  origin  of  some  of  the  "  spots  "  and  **  knots  " 
in  contact-slates  appear  to  me  to  be  among  the  least  understood 
of  all  the  deeply  interesting  things  concerned  in  the  processes  of 
contact-metamorphism.  Their  elucidation  is  surrounded  with  diffi- 
culties, but  if  they  could  be  properly  followed  out  and  explained 
we  should,  I  think,  be  a  long  way  towards  knowing  what  takes 
place  when  a  rock  is  metamorphosed  by  an  intruded  granite,  and 
what  are  some  of  the  stages  involved  in  bringing  ahout  the  changes 
of  which  we  are  obliged  to  speak  rather  vaguely  as  re-crystallization, 
i^neration,  molecular  rearrangement,  etc.,  etc. 

That  very  little  can  be  regarded  as  settled  concerning  the  spots  is 
evident  from  the  very  different  descriptions  and  explanations,  given 
by  various  observers,  as  to  their  nature  and  contents. 

In  some  cases  the  spots  (knoten)  are  stated  to  be  imperfect  crystals 
of  definite  minerals,  or  to  consist  of  secondary  products  due  to  the 
decomposition  of  such  minerals.  Cordierite  and  andalusite,  and 
their  decomposition-products,  are  thus  described  as  forming  the 
B]K)t8,  and  we  may  add  also  white  mica,  and  sometimes  felspar,  as 
playing  the  same  part. 

But  it  does  not  seem  either  necessary  or  desirable  to  speak  of  such 
definite  mineral-occun*ences  under  the  general  and  vague  name  of 
** spots";  and,  indeed,  in  those  outer  zones  of  contact-slatea  where 
the  spots  are  most  abundant  and  characteristic,  these  definite  mineral 
grains  or  ** imperfect  crystals"  are  more  usually  absent,  or  only 
slightly  represented. 

Such  large  grains,  or  imperfect  crystals,  of  definite  minerals  do 
occur  in  some  parts  of  some  contact-zones  together  with  the  more 
indefinite  ** spots"  we  are  now  considering,  and  as  they  are  frequently 

'  In  some  contact-rocks  the  feUpar  is  so  developed  that  it  is  only  a  question  of  a 
glance  through  the  microscope,  even  with  low  powers,  to  make  sure  of  its  presence  in 
quantity  and  that  it  is  a  new  formation.  Thus,  in  some  of  the  contact-i>lates  and 
grits  (^reywackefi)  of  the  Klhe  Valley  and  the  Lausitz  district  of  Saxony  tlure  are 
lar?e  grains  of  well-cleaved  orthoclaj>e  and  well-twinned  plagioclase,  whose  cnclosur«>s 
of  biotite,  quartz,  etc.,  place  their  nature  as  contact-minerals  heyond  question.  It  is 
in  the  limpid  and  often  fine-grained  '*  mosaic"  of  such  rocks  that  the  presence  of 
felspar  appears  to  have  heon  often  overlooked,  and  in  which,  nevertheless,  1  consider 
its  presence  can  nearly  always  be  demonstrated. 

It  may  be  of  use  to  mention  that  a  good  series  of  specimens  of  the  most  interesting 
contact- rocks  alluded  to  above,  from  Saxony,  can  be  obtained  from  the  mineral  depot 
at  the  Mining  College  at  Freiberg. 
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marked  off  from  the  rest  of  the  rook  in  much  the  same  manner,  when 
seen  in  ordinary  light,  there  is  some  temptation  to  consider  them  as 
forming  part  of  the  same  processes.  But  I  think  a  full  consider- 
ation of  them  shows  the  fallacy  of  this,  and  that  they  should  he 
considered  quite  separately.  Nor  is  it  at  all  justifiable  to  speak  of 
the  more  indefinite  spots,  such  as  I  am  about  to  describe,  as 
composed  of  decomposition-products  of  a  mineral,  as  e.g.  cordierite, 
unless  the  connection  and  iranBition  can  be  absolutely  proved. 

As  a  more  general  thing  the  spots  and  knots  are  spoken  of  as 
consisting  of,  or  containing,  "aggregations  of  pigment,"  "aggregations 
of  iron-ores,"  or  of  **  dark  grains,"  or  of  "  carbonaceous  material," 
or  they  are  described  as  consisting  of  the  same  materials  as  the  rock 
in  which  they  occur  with  less  of  some  particular  mineral,  often 
biotite  or  white  mica ;  or  also  as  representing  "  less  developed 
portions  of  the  general  mass." 

I  have  made  a  careful  study  of  the  spots  in  the  Shap  rocks,  and 
of  many  other  occurrences,  in  the  hope  of  obtaining  a  better  under- 
standing of  them.  It  does  not  seem  possible  to  arrive  at  any 
perfectly  definite  and  general  conclusion  concerning  them  ;  but 
certain  things  appear  to  apply  to  many,  and  to  allow  of  some  slight 
inferences  as  to  their  possible  nature,  so  that  it  may  be  worth  while 
to  record  a  few  observations  made  on  them.  This  can,  perhaps,  best 
be  done  by  describing  one  or  two  particular  cases  first. 

Thus  a  "  Fruchtschiefer "  from  Tirpersdorf,  in  Saxony,  consists 
mainly  of  white  mica,  mostly  lying  flat  in  the  plane  of  cleavage, 
but  also  a  good  deal  lying  edgewise  in  various  degrees.  There  is 
a  little  quartz-mosaic,  a  good  deal  of  biotite,  some  of  it  in  large 
individuals,  lots  of  small  tourmalines,  zinx)ns,  etc.  The  whole  is 
rich  in  dark  grains  and  plates,  many  of  which  are  transparent  or 
translucent  ilmenite.  The  numerous  spots  are  about  the  size  and 
shape  of  small  grains  of  wheat,  and  do  not  seem  to  have  any  definite 
relationship  to  the  rock-cleavage.  Under  low  power,  in  ordinary 
light,  they  are  sharply  marked  off  from  the  surrounding  material 
by  being  very  much  richer  in  dark  grains  and  plates,  and  by  having 
yellow  colour.  The  boundary  of  this  yellow  colour  is  mostly  quite 
sharp.  Biotite  occurs  in  the  spots  as  small  flakes,  and  larger 
individuals  of  it  sometimes  lie  partly  in  them  and  partly  outside. 

In  polarized  light,  again,  the  spots  are  marked  off  very  sharply, 
being  much  darker  than  their  surroundings,  and  containing  much 
less  vividly -polarizing  mica,  at  the  same  time  that  the  contrast  is 
heightened  by  an  extra  accumulation  of  such  mica  as  a  frame 
immediately  round  them.  At  a  thicker,  central  portion  of  the  slide 
(which,  however,  must  be  a  really  thin  one  to  make  out  anything 
distinctly)  the  spot  is  seen  to  contain  a  great  deal  of  a  mosaic  of 
small  grains  or  flakes,  or  both,  which  cannot  be  all  identified,  but 
some  of  which  is  mica  and  some  probably  quartz.  It  can  be  seen 
that  these  grains,  etc.,  lie  in,  and  are  quite  distinct  from,  the  yellow 
substance  which  colours  the  spot  and  surrounds  all  its  contents  like 
a  sort  of  groundmass.  In  nearly  all  these  thicker  spots  one  gets 
the  impression  that  there  is,  among  the  other  constituents,  more  or 
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less  of  isotropio  matter,  referable  to  the  yellow  subBtance,  but  it  is 
not  possible  to  make  quite  sure. 

If  other  spots  be  examined  which  project  out  to  the  thinnest 
edges  of  the  slide,  and  higher  powers  are  used,  the  yellow  sub- 
stance is  seen  to  be  of  a  pale  yellowish-green  colour,  free  from  any 
trace  of  dichroism,  and  full  of  an  irregular  network  of  exceedingly 
fine  cracks  or  cleavages,  only  well  seen  with  high  powers  and  much 
lowered  condenser  or  partly  closed  iris-diaphragm.  In  polarized 
light  the  grains  and  flakes  of  the  contained  minerals  are  again  seen, 
and  it  is  here  possible  to  make  sure  that  in  among  them  are  isotropio 
spaces.  Some  of  these  may  be  seen  of  such  relatively  large  area, — 
so  many  times  larger  than  any  of  the  contained  minerals, — that  all 
idea  of  compensation  by  overlapping  individuals  is  dispelled.  One 
can  satisfy  oneself  that  what  is  seen  consists  of  the  yellow  substance 
pare  and  simple,  and  that  the  portion  examined  has  no  action  what- 
ever on  polarized  light 

In  addition  to  the  appearances  above  described  there  are  spots  in 
the  same  slide  where  the  yellow  substance  is  deeper  in  colour,  and 
polarizes  faintly  in  the  lowest  possible  grey  tints.  In  some  few 
cases  this  polarization  becomes  distinct  enough  to  give  a  tolerably 
uniform,  though  fibrous  or  flaky,  extinction  over  a  good  large  area  of 
the  spot,  the  contained  minerals  being  seen  in  among  this  with  their 
own  independent  extinctions  as  usual.  Under  these  conditions  the 
yellow  substance  sometimes  shows  traces  of  dichroism.  In  this 
faintly  dichroic  and  lowly  polarizing  form  it  more  resembles,  in  its 
appearance  in  polarized  light,  some  occurrences  of  serpentinous 
material  than  anything  else  to  which  I  can  compare  it 

This  same  substance,  varying  in  colour  from  much  deeper  yellow 
to  almost  colourless,  and  varying  in  its  dichroism  and  its  degree  of 
bi- refraction,  may  be  seen  again  in  the  spots  of  many  other  contact- 
rocks.  Thus,  in  a  "  Knotenthonschiefer  "  from  Andlauthal,  in  the 
Vosges,  the  spots  again  are  marked  oflf  in  ordinary  and  polarized 
light  exactly  as  in  the  above  descriptions.  The  yellow  substance 
is  present  and  of  the  same  nature,  but  in  the  outer  rims  of  the  spots 
polarized  light  produces  in  it  a  very  faintly-speckled,  miuutely- 
cryptocrystalline  eflfect,  while  in  the  central  portions  it  does  not 
itself  polarize  but  contains,  as  usual,  a  mosaic  of  grains,  some  of 
which  are  quartz,  while  a  few  may  be  made  out  as  felspar,  with 
mica.  This  minutely-speckled  polarization  is  very  frequent  in  this 
substance  in  rocks  from  many  localities,  and  seems  to  correspond  to 
the  first  stage  of  its  passage  from  an  amorphous  to  a  more  or  less 
crystalline  condition. 

In  some  occurrences  of  "Knotenschiefer"  this  substance  is  limited 
to  the  spots,  but  there  are  others  in  which  smaller  portions  of"  it 
occur  more  or  less  abundantly  outside  them,  in  among  the  general 
materials  of  the  slates,  as  patches  or  streaks  of  various  size.  And  in 
the  more  inner  zones  of  contact,  after  the  spots  have  ceased  to 
appear,  it  is  still  often  seen,  usually  in  smaller  amount  but  in  some 
cases  very  abundantly. 

{To  be  continued.) 
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WOODWABDTAN    MuSIUM,    CaMBRIDGB.      CaTALOGUB   OF  THE   FoSSILS 

IN  THB  STUDBNTb*  Stbatiobaphioal  Srbibs.   By  H.  Woods,  B.A., 
F.G.S.     8vo.  pp.  23.     (University  Press,  1893.) 

THERE  is  much  to  be  said  in  favour  of  the  plan,  which  has  been 
carried  out  at  Cambridge,  and  also  in  some  of  the  principal 
University  Museums  in  Germany,  of  forming  for  teaching  purposes 
a  separate  series  of  fossils  to  illustrate  the  principal  types  which 
characterize  the  different  stratigraphical  horizons  of  the  geological 
series.  This  catalogue,  which  has  been  very  carefully  drawn  up  by 
Mr.  Woods,  gives  the  generic  and  specific  names,  and  the  class  and 
order  of  the  common  typical  fossils  occurring  in  each  of  the  principal 
geological  divisions  in  this  country,  ranging  from  the  Lower 
Cambrian  to  the  Barnwell  and  Barrington  gravels  and  peat,  which 
have  been  selected  and  arranged  for  the  use  of  the  students  at 
Cambrid<;e.  Altogether  the  names  of  558  species  are  given,  of 
wliich  182  are  from  the  PalsBOzoic,  290  from  the  Mesozoic,  and  1H6 
from  the  Tertiary  rocks.  As  furnishing  a  highly  useful  key  to  the 
leading  fossils  in  our  British  rooks,  this  catalogue  has  a  practical 
value  bej'ond  the  purpose  for  which  it  was  designed.  To  allow  of 
notes  and  additions  it  has  been  interleaved  with  blank  pages. 

Geological  Society  of  London. 

L— November  22nd,  1893.  — W.  H.  Hudleston,  Esq.,  M.A., 
F.K.S.,  President,  in  the  Chair.  The  following  communications 
were  read : — 

1.  *•  The  Basic  Eruptive  Rocks  of  Gran."  By  W.  C.  Brogger, 
Ord.  Prof,  of  Min.  and  Geol.  at  the  University  of  Christiania, 
For.  Memb.  G^eol.  Soc. 

In  previous  communications  the  author  has  maintained  that  the 
different  masses  of  eruptive  rock  which  occur  within  the  sunken 
tract  of  country  lying  between  Lake  Mjosen  and  the  Langesunds- 
fjord  are  genetically  connected,  and  have  succeeded  each  other  in  a 
regular  order.  The  oldest  rocks  are  the  most  basic,  the  youngest 
(except  the  unimportant  dykes  of  diabase)  are  the  most  acid,  and 
between  the  two  extremes  he  has  found  a  continuous  series. 

He  is  now  preparing  a  detailed  monograph  on  this  series  of 
eruptive  rocks,  and  in  the  present  communication  he  gives  an 
account  of  the  results  of  his  work  on  the  oldest  members. 

Several  bosses  of  basic  plutonic  rock,  now  forming  a  series  of 
dome-shaped  hills,  lie  along  a  north-and-south  fissure-line.  The 
most  northerly  is  that  of  Brandberget  in  the  parish  of  Gran,  about 
50  or  GO  kilometres  N.N.W.  of  Christiania,  and  the  most  southerly 
occurs  at  Dignaes  on  Lake  Tyrifjord,  about  35  kilom.  W.N.W.  of 
the  same  town.  The  prevailing  rock  in  these  bosses  is  a  medium 
or  coarse-grained  olivine-gabbro-diabase ;  but  pyroxenites,  horn- 
blendites,  camptonites,  labrador-porphyrit^s,  and  augite-diorites  also 
occur.  Analyses  of  the  typical  rock's  from  three  localities  on  the 
north-and-south  line  are  given,  and  the  conclusion  is  reached  that 
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e  average  basicity  of  the  rooks  forming  different  bosses  decreases 
cm  north  to  south. 

The  contacUmetamorphism  is  referred  to;  and  the  presence  of 
fpersthene  in  the  altered  O^^^ta-shales,  coupled  with  its  absence 
cm  the  same  shales  where  they  have  been  affected  by  quart  z- 
renite,  leads  the  author  to  the  conclusion  that  the  chemical  nature 
f  the  intrusive  rock  does,  in  certain  cases,  produce  an  influence  on 
le  character  of  the  metamorphism. 

Innumerable  dykes  and  sheets  of  camptonite  and  bostonite  are 
ssociated  with  the  above-mentioned  plutonic  bosses.  These  are 
?garded  by  the  author  as  having  been  produced  by  differentiation 
'om  a  magma  having  the  composition  of  the  average  olivine- 
abbro-diabase.  Analyses  are  given,  and  it  is  proved  that  a 
lixture  of  nine  parts  of  the  average  camptonite  and  two  of  the 
verage  bostonite  would  produce  a  magma  having  the  composition 
f  the  average  olivine-gabbro-diabase.  The  petrographical  varia- 
ODS,  such  as  the  occurrence  of  pyroxenites  and  augite-diorites,  in 
le  plutonio  masses  themselves  are  described,  and  attributed  to 
ifferentiatiou  under  physical  conditions  unlike  those  which  gave 
ise  to  the  camptonites  and  bostonites. 

In  discussing  the  general  laws  of  differentiation  the  author  points 

at  that  it  must  have  taken  place  before  crystallization  to  any  extent 

ad  oc<;urred,  because  there  is  a  marked  difference  in  mineralogical 

Dmposition    between    the   rocks    occurring   as  bosses    and    those 

xiurring  as  dykes;   and,  further,  that  it  is  dependent  on  the  laws 

hich  determine  the  sequence  of  crystal-building,  in  so  far  as  the 

mpounds  which,  on  given  conditions,  would  first  crystallize  are 

)6e  which  have  diffused  to  the  cooling  margin,  and  so  produced 

contact-stratum,   of  peculiar   chemical   composition,    before   any 

stallization  had  taken  place. 

*.    **  On  the  Sequence  of  Perlitic  and  Splierulitic  Structures   (a 
oinder  to  Criticism)."     By  Frank  Rutley,  Esq.,  F.G.S. 
his  paper  relates  to  the  order  in  which  the  perlitic  and  spheru- 
strnctnres  have  been  developed  in  a  felsitio  lava  of  Ordovician 
from   Long  Sleddale,  Westmoreland.      The  author  having  de- 
ed this  rock  in  a  paper,  published  in  the  Quarterly  Journal  of 
>ociety  in  1884,  and  the  accuracy  of  the  views  then  expressed 
g  been  questioned,   now  endeavours  to  confirm  his  original 
lents,  adducing  in  support  fresh  observations  made  upon  this 
her  rocks  of  a  similar  kind. 

'Enclosures  of  Quartz  in  Lava  of  Stromboli,  etc.,  and  the 
es  in  Composition  produced  by  them."  By  Prof.  H.  J. 
:)n-Lavis,  M.D.,  F.G.S. 

author  descrihes  the  existence  of  enclosures  of  quartz  in  a 

eam  at  the  Punta  Petrazza  on  the  east  side  of  Stromboli, 

»   in  the  rock  of  the  neck  of  Strombolicchio.     He  describes 

:;t8   of  the   rocks  upon   the  enclosures,  concluding  that  the 

18  undergone  fluxicai  but  not  fusion,  and  has  supplied  silica 

mtaiiiing  lavas,  thus  causiui^  an  increase  in  the  amount  of 

and  a   diminution  in    the   amount    of  magnetite   in   the 
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portions  of  those  lavas  that  surroand  the  iDclusions  and  raisini 
percentage  of  silioa.  He  suggests  that  such  a  process  at  gc 
depths  and  higher  temperature  may,  under  certain  conditions* 
vert  a  basic  rock  into  a  more  acid  one,  so  that  possibly  the  aad 
of  Strombolicchio  may  have  been  of  basaltic  character  at  an  M 
period  of  its  progress  towards  the  surface.  He  offers  the  snggti 
that  other  rocks  or  minerals  once  associated  with  the  quarts  I 
been  assimilated  by  the  magma. 


COiRIRESFQIsriDEISrCE. 

LEVEL  OF  LAKE  LEMAN. 

Sm, — As  Mr.  Davison  remarks,  the  level  he  quotes  is  noi 
reliable  precision — not  adequately  mounted. 

Would  not  the  Pierre  de  Niton,  in  the  Port  of  Geneva,  be  a  I 
satisfactory  bench  mark  to  watch  and  compare  with  selected  static 
Upon  its  position  turns  the  whole  of  the  Swiss  Federal  Survm 

Prof.  Forel,  who  gives  a  full  account  of  the  results  of  levaU 
does  not  say  much  as  to  the  systems,  all  of  which  depended  1 
foreign  (t.e.  not  Swiss)  official  surveys,  so  far  as  sea- level  g06(k 

On  the  other  hand,  as  compared  with  stations  on  Swiss  groi 
any  variation  of  level  ought  to  come  out  with  certainty — and  th 
the  point.     I  hope  this  interesting  matter  will  not  be  lost  sight  c 

In  Dufour's  map  the  level  of  the  Pierre  de  Niton  figimi 
376*64:  metres.  The  later  Siegfried  map  gives  it  as  376*86  me 
a  difference  of  22  centimetres.  Is  this  evidence  of  altered  \am 
of  improved  exactitude? 

In  times  when  the  great  Bhone  ice-sheet  was  melting  back  fron 

plains,  but  not  as  yet  so  notably  from  the  mount-ains,  would 

the  disencumbered  land  westward  rise  more  than  at  the  east 

of  Lake  Leman?     See  Osmond  Fisher's  "Physios  of  the  Ba 

Crust,"  second  edition,  page  327,  note  2,  for  equations  approxinu 

to  the  point.  Marshall  Hai 

Eastekton,  Pabkstonb,  Dorset,  2nd  Nov.  1893. 

VOLCANIC   SERIES  IN   THE  MALVERN  HILLS. 

Sir, — The  excavations  for  the  new  reservoir  to  the  east  of 
below  the  Herefordshire  Beacon  have  brought  to  light  piecemea 
interesting  series  of  beds.  At  no  one  time  was  there  a  com] 
exposure  of  them  all ;  but  as  I  have  watched  the  progress  oj 
work  closely  I  have  been  able  to  make  out  with  tolerable  acci] 
their  general  bearing. 

The  strike  is  nearly  due  north  and  south  at  this  particular 
I.e.  parallel  to  the  axis  of  the  Malvern  Hills.     The  dip  40®  ! 

The  beds  are  shown  by  the  microscope  to  be  (commencing 
the  East) :  obsidian  or  very  fine  ash,  coarse  ash,  and  some  basic 
Some  of  the  slides  correspond  in  a  remarkable  degree  with  o 
cut  from  rocks  further  south.     I  hope  in  time  to  be  able  to  esta 
connection    between  them.     The  whole   area,   however,   has 
subjected  to  so  much  movement  and  shattering  that  the  gre 
care  and  patience  will  be  necessary  to  unravel  the  problem. 
Great  Malybbn,  Oct.  ZOth,  1893.  Htoult  Dyke  Aolab 
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I. — Coral  in  thb  "Dolomites"  op  South  Tyrol. 

By  Miss  Maria  M.  Ooilyie,  D.Sc.  (Loud.). 

(Part  II.) 

(PLATES  II.  &  III.) 
{Concluded  from  the  January  Number ^  p.  10.) 

m.— Transitioiial  Dolomitic  Era— Extremes  of  Rock-Facies  in 

Raibl  Times. 

• 

The  Raibl  period  was   the   natural   sequel  of  the  variable  and 

unequal  movements  which  prevailed  over  Alpine  areas  in  Permian 

and  pre-Raibl  Triassic  time.    Many  basins  formerly  open  were  then 

enclosed ;    rauchwackes   and   beds   of  dolomite  and   gypsum  were 

interbedded  with  fossiliferous  deposits.     Whereas,  in  some  places, 

the  dolomitic  nature  of  the  deposit  is  confined  to  special  horizons, 

in  the  South  Tyrol  "  Dolomites "  it  may  almost  be  said  to  reign 

throughout.     This  makes  it  all  but  impossible  to  say  when  Schlern 

dolomite  ends  and   Haibl  beds  begin.     In  the  present  incomplete 

state  of  our  knowledge  with  regard  to  the  heteropism  of  the  Raibl 

Series  throughout  the  whole  Alps,  I  have  judged  it  best  to  begin  the 

Baibl  horizon  at  any  particular  place  with  the  first  appearance  of 

a  distinctly  Raibl  fauna,  even  although  that  fauna  may  not  have 

been  proved   to  correspond  to  the  acknowledged  lowest  fauna  of 

Raibl  age  in  distant  parts  of  the  Alps. 

To  return  for  a  moment  to  the  succession  of  Schlern  dolomite 
upon  the  Cassian  beds  of  Enneberg,  I  found  that,  where  Schlern 
dolomite  rests  on  Cipit  limestones,  it  has  at  its  base  a  conglomeratic 
appearance,  as  if  Cipit  blocks  had  been  imbedded  in  a  beautifully 
fine  white  or  reddish  dolomitic  mud,  instead  of  the  dingy  brown 
and  black  tufaceous  sediments.  This  is  the  case  in  several  places, 
e.g.  upon  Pordoi  and  Sella  Jochs,  where  there  is  no  evidence  of 
unconformity.  Again,  where  the  dolomite  succeeds  the  thin-bedded 
marls  and  limestones  of  Cassian  age,  it  does  so  conformably ;  but 
one  and  the  same  bed  is  at  some  parts  calcareous  and  fossiliferous, 
at  other  parts  dolomitic  and  un fossiliferous.  Seeing  that  this  holds 
good  at  various  horizons  in  Lower  as  well  as  Middle  Trias  over  the 
whole  area  of  South  Tyrol,  we  need  find  nothing  remarkable  in  it 
from  the  point  of  view  of  the  stratigrapliical  succession.  Indeed, 
I  have  only  mentioned  these  observations  as  an  indication  of  the 
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particnlar  mode  of  transition  from  conditions  of  deposition  fayoni- 
able  for  the  Cassian  faona  to  those  in  which  the  Haibl  fauna  wai 
enabled  to  make  an  occasional  appearance  in  the  South  Tyrd 
dolomites.  At  a  very  little  distance  above  the  base  of  Schlen 
dolomite  all  signs  of  Coral  life  disappear,  and  the  deposit  looks  i 
homogeneous  rock,  although  always  retaining  local  variation  in  ths 
degree  of  its  dolomitism.  At  this  stage  the  rock  often  shows  typical 
Oolite  structure.  As  regards  the  presence  or  want  of  stratificatioi\ 
it  has  as  little  to  do  with  the  question  of  the  Coral  Beef  origii 
of  the  dolomite  as  the  amount  of  magnesio  salts  in  the  rock^ 
stratification  is  present  and  absent  in  one  and  the  same  ''  Beef.'* 

In  the  highest  horizons  of  Schlem  dolomite  there  is  infinite 
irregularity  in  the  relations  of  fossiliferous  and  unfossiliferous  beds; 
these  horizons  have  been  proved  pal  seen tologically  to  belong  to  tha 
Baibl  period.  In  them  Corals  and  £k;hinoderms  reappear  again  it 
some  abundance  in  the  Groden  and  Enneberg  districts.  Dolomitis 
shales  may  be  regarded  as  the  typical  sediment,  giving  place  locallj 
to  sandstones  and  limestones,  in  which  strand-faunas  and  plant* 
remains  are  imbedded.  In  one  or  two  places  Corals  formed  thii 
reef-like  extensions  over  preceding  plains  of  algal  and  marim 
origin.  The  fauna  everywhere  has  many  reminiscences  of  the 
Cassian  fauna,  but  has  marked  local  as  well  as  zonal  charactera 
Thanks  to  the  occurrence  of  a  few  leading  Molluscan  types  of  wider 
distribution  in  Baibl  strata,  one  or  two  horizons  of  time  are  clearlj 
identifiable  in  the  succession.  Life  was  often  made  impossible,  and 
brightly-coloured  magnesian  marls  silted  up  large  basins.  Dolomitic 
mud  and  ranch wackes  accumulated,  or  beds  of  dolomite  or  gypsum 
were  separated  from  the  water  in  inland  seas  and  lagoons  of  what 
seems  to  have  been  a  South  Tyrol  "Baibl"  Archipelago.  The  best 
example  of  the  heteropism  in  Baibl  times  is  afforded  by  Schlem 
Mountain,  where  the  stratigraphical  relations  of  the  fossiliferouf 
well-known  "Schlem  plateau"  Baibl  beds  have  been  carefully 
worked  out  by  von  WohrmannJ  He  says :  "  At  one  place  we  have 
a  fauna  exceptionally  rich  in  individuals,  in  others  we  find  the  same 
horizon  represented  by  a  Coral  bank,  or  by  ferruginous  marls  wholly 
unfossiliferous,  etc.  ITiese  contrasts  cannot  be  explained  merely  bj 
the  irregularity  of  the  sea-floor,  which  is  readily  recognizable  througt 
the  rapid  increase  or  diminution  in  thickness  of  the  strata ;  we  are 
bound  to  accept  current  action  in  addition,  making  the  relationi 
locally  so  favourable  that  a  numerous  assemblage  of  Bivalvea 
Gasteropods,  and  other  organisms  were  able  to  thrive  within 
narrow  spacial  limits  (for  instance,  the  immediate  neighbourhood 
of  '  Schlern-klamm ')  without  spreading  into  the  surrounding  area  " 
{loe,  cit.  p.  219).  I  have  had  experience  of  very  similar  facts  as 
Sella,  Sett  Sass,  and  Lagazuoi.  On  Sella,  as  at  Schlem,  a  Coral- 
bearing  dolomite  of  no  great  thickness  appears  amid  the  doloniitio 
shales  on  the  plateau.  Again,  on  visiting  the  top  of  Lagazuoi,  I 
found  unfossiliferous  beds  of  a  hard  dolomitic  sandstone,  perfectly 

1  Yon  Wdhrmann,  u.  Eoken.     "  Die  Fauna  der  Eaibler  Schichten  Tom  Schlern 
Plateau.'*    Zeiiwhrift  d.  D.  OeoL  Ges.  1892. 
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white,  above  the  Schlem  dolomite.  From  the  occurrence  of  similar 
beds  on  the  Sella  massif,  I  took  them  to  be  of  Kaibl  age,  but 
followed  along  their  dip  to  the  north-east  and  saw  their  gradual 
passage  into  ordinary-looking  yellow  sandstones,  with  numerous 
fossils  which  proved  to  be  the  typical  Raihl  fauna  of  Travenanzes 
Valley.  As  the  Travenansses  horizon  is  pal»H)ntologically  younger 
than  that  of  the  Schlem  plateau  deposits,  some  part  of  the  dolomite 
of  Lagazuoi  must  in  reality  be  of  the  same  age  as  the  fossil iferous 
Raibl  beds  of  Schlem  age.  Thin  beds  of  Cipit  Limestones,  like 
those  of  Cassian  age,  but  much  harder  and  whiter,  occur  at  Valparola 
aod  Falzarego  interbedded  with  the  Travenanzes  fossiliferous  horizon. 

Enough  has  been  said  to  show  that  some  of  the  anomalies  of 
"Schlem  dolomite"  fall  in  the  Kaibl  period,  which  has  not  been 
included  by  Mojsisovics  in  the  Coral  Reef  epoch.  Yet  the  heteropism 
of  the  Raibl  strata  adds  to,  and  takes  away  from,  the  apparent 
thickness  of  the  dolomite  "  reefs.'*  It  will  be  remembered  that  a 
younger  or  Upper  horizon  of  fossiliferous  Cassian  strata  is  present 
in  Ampezzo,  which  is  absent  in  the  Fassa  and  Groden  districts,  and 
we  know  now  that  the  upper  part  of  the  Schlern  dolomite  rock  is 
contemporaneous  with  fossiliferous  Raibl  beds.  Going  a  step  farther, 
we  can  see  that  by  thinning  off  the  dolomite  both  at  its  upper  and 
lower  horizons,  it  would  be  probable  enough,  especially  in  the 
Ampezzo  area,  that  fossiliferous  Raibl  strata  should  rest  on  fossil- 
iferous Cassian  strata.  According  to  Mojsisovics,  this  is  actually  the 
case.  My  reasons  for  not  adopting  this  view  have  been  already  stated 
(Quart  Journ.  Geol.  Soc.  1893,  pp.  64-69).  It  is  true  that  in  these 
valleys  the  Schlern  dolomite  becomes  comparatively  thin,  and  it 
looks  like  the  dolomite  rock  interbedded  at  higher  horizons  of 
Raibl  strata.  But  even  if  the  dolomite  rock  were  wholly  or  in 
part  contemporaneous  with  fossiliferous  Raibl  strata  elsewhere  (e.g, 
the  Schlem  plateau  strata),  this  would  in  nowise  afford  evidence  in 
favour  of  the  Coral  Reef  theory,  but  only  of  the  familiar  fact  of 
Raibl  heteropism.  The  important  feature  is  that  the  dolomite  bears 
no  evidence  of  Coral  building,  and  is  no  thinning-out  prolongation 
of  a  "reef*;  but  is  here  and  elsewhere  in  the  Cortina  valleys  an 
independent  horizon  of  dolomite  above  the  Cassian  fossiliferous 
beds — it  is,  therefore,  not  Cassian  "reef-dolomite."  The  varying 
relations  of  Cassian,  Schlern  dolomite,  and  Raibl  strata  are  repre- 
sented in  Diagram  IV. 

The  Raibl  deposits  pass  quite  gradually  into  the  overlying  true 
marine  deposit,  Dachstein  dolomite,  with  which  an  important  faunal 
link  connects  it.  Several  species  of  the  bivalve  Megalodon  appear 
in  the  highest  Raibl  strata,  and  this  is  the  predominating  genus 
in  Dachstein  dolomite.  There  are  dolomite  shales  of  Dachstein  aire 
undistinguishable  from  those  of  Raibl  age,  and  dolomitic  marls 
make  their  appearance  now  and  then  in  true   Dachstein  horizons. 

The  two  rocks,  Schlern  dolomite  and  Dachstein  dolomite,  are  so 
much  alike  that  one  experiences  in  the  field  the  utmost  difficulty 
in  distinguishing  them.  The  characteristic  Dachstein  bivalves  so 
common  in  some  parts  of  the  rock  are  entirely  absent  in  others. 
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Here  we  see  an  easy  loophole  of  misoonoeption  in  working  ont  the 
stratigraphy  of  this  area.  How  frequently  it  has  given  rise  to  error 
becomes  apparent  on  comparing  the  maps  or  seotions  of  different 
authors  who  have  surveyed  in  the  district  I 

An  impression  will  now  have  been  gathered  of  my  opinion  witli 
regard  to  heteropism  in  the  '*  Dolomites."  Beyond  doubt  that  exists, 
and  to  a  very  large  extent;  it  alone  explains  the  succession  of  Triassio 
rock  in  the  ''  Dolomites."  There  are  also  reef-like  communities  of 
Corals,  and  of  other  fossil  organisms,  changing  with  the  actual  depth 
of  the  water  and  the  character  of  the  surrounding  sediment.  I'he 
Corals  have  but  their  fair  share,  along  with  other  groups  of  marine 
life,  in  the  thickness  of  any  one  formation,  and  just  as  important  as 
the  organic  causes  of  heteropism  are  the  inorgania  Most  of  all, 
the  clear  presentation  of  two  epochs  is  necessary — the  one  is  the 
volcanic  period  of  Wengen  age,  when  so  many  inequalities  were 
introduced  into  the  relief  of  the  sea-floor  and  differential  movements 
were  set  up  in  the  basin  of  that  part  of  the  South  Tyrol  Triassic 
sea ;  the  other  is  the  Eaibl  period,  and  what  it  tells  us  of  the  culmin- 
ating point  in  an  age  of  unequal  deposits  and  especially  fluctuating 
conditions  of  level  over  these  *'  volcanic  "  areas. 

IV.— Apparent  "Reef-Formations"  in  the  "Dolomites"  largely  result 
from  the  particular  history  of  Earth-movements  in  that  area— 
Occurrence  of  Vertical  and  Inclined  Planes  of  Fault  in  the 
**  Dolomites  " — Overthrusts — "  Overcast "  Bedding — Effects  of 
Weathering. 

Gradually  the  waters  of  the  Hhsetic  and  the  great  Jurassic  ocean 
advanced  over  Alpine  areas  and  the  deposits  of  the  Triassic  Archi- 
pelago lay  sleeping  at  unknown  depths  below  a  heavy  weight  of 
marine  accumulations.  The  South  Tyrol  IVias  and  younger  deposits 
alike  shared  in  the  tektonic  movements  which  passed  over  the  Alps 
during  the  long  geological  "days"  of  Mesozoic  and  early  Tertiary 
time ;  but  probably  it  was  not  until  the  Tertiary  mountain-making 
period  that  the  series  of  deposits  was  affected  by  tearing  or  sliding 
movements. 

Tertiary  movement  begins  a  much  more  difficult  chapter  in  the 
past  history  of  the  South  Tyrol  dolomites  than  the  period  of  Triassio 
deposition.  And  we  might  be  content  to  omit  it  entirely  from  present 
consideration,  were  it  not  that  it  produced  many  results  in  South 
Tyrol  which  cannot  be  dissociated  from  the  "Coral  Reef"  question. 
It  has  left  its  symbols  indelibly  written  on  the  rocks  of  the 
country,  symbols  as  strange  and  as  impossible  of  interpretation  for 
the  early  school  of  geologists  as  ever  were  the  ancient  characters 
on  the  colossal  monuments  of  Egypt  and  Syria  for  the  unpractised 
eye.  And  when  we  learn  to  read,  one  of  the  first  Miocene  symbols 
in  the  "Dolomite"  spells  **Bec/"  and  is,  being  translated,  redupli- 
cation and  faulting  of  rocks. 

The  presence  of  a  great  number  of  vertical  faults  within  the  areas  of 
Enneberg  and  Ampezzo  has  been  already  proved,  also  the  influence 
of  those  in  complicating  the  geology  of  the  district  and  producing 
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apparent  reef- structure  as  at  Sett  Sass  (Quart  Joum.  Geol.  Soo. 
1893,  pp.  68-77).  I  wish  now  to  refer  to  inclined  fault-planes. 
MojsisoTics  first  hinted  at  their  occurrence  in  the  dolomites,^  ejj» 
"ou  the  slopes  towards  the  Duron  Valley  a  partial  overturning, 
or  perhaps  more  correctly,  over-thrusting  of  Werfen  shales  over 
Muschelkalk  dolomite  seems  to  have  occurred.  The  exposures 
along  the  road  leading  from  the  Duron  Valley  up  Col  Kodella 
s«:arcely  permit  of  any  other  explanation.  At  the  edge  of  the  Bodella 
Fault-block  Melaphyre  dykes  occur  south-west  of  Col  Bodella  "  Qoc.  cit, 
p.  189 ;  the  italics  are  mine). 

I  drew  attention  to  the  occurrence  of  fault-planes  with  extremely 
low  hade  in  the  Diirrenstein  Mountain,  and  again  in  the  Buoheu- 
stein  Valley,  north  of  Arabha ;  but,  as  the  subject  was  a  large  one, 
aucl  as  I  had  not  then  completed  my  survey  of  the  Buchenstein  and 
Sella  districts,'  I  avoided  treating  it  within  the  scope  of  my  previous 
paper.  The  planes  at  Diirrenstein  hade  south,  the  plane  I  referred 
to  in  Buchenstein  was  an  overthrust  fault-plane  hading  north. 
Dr.  W.  H.  Salomon  published  a  preliminary  note'  of  his  survey 
in  the  district  of  Marmolata  Mountain,  south  of  the  Buchenstein 
and  Cordevole  Valleys,  in  which  he  reports  that  two  overthrust 
fault-planes  occur  on  the  southern  slopes  of  Marmolat-a  hading  north. 

1  shall  at  present  confine  myself  to  one  typical  example  of  the 
oocurrenoe  of  an  overthrust  plane  and  its  explanation  of  an  apparent 
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CK  =  Cipit  limestone. 

C  =Ca8sian  strata. 
W  ="Wengeii  strata. 


The  example  selected 


DD  =  Dacbstein  dolomite. 

R  =  Raibl  Marls. 
SD  =  **  Schlem  dolomite  "  and  limestone. 
TP= Thrust-plane. 

"Reef"  in  the  district  personally  surveyed. 

is  Sasso  Pitschi  (see  accompanying  section),  a  dolomite  summit  south 
of  the  Sella  massif.  It  is  a  reef-like  mountain,  standing  up  from  the 
niidst  of  Wengen  beds  on  the  Pordoi  Joch.  As  will  be  seen  from  the 
description  given  by  Mojsisovics  (loc.  cit.  p.  238)  the  interbedding 

'  At  the  British  Association  Meeting:  in  Edinburgh,  July  1892,  Prof.  Lapworth, 
towards  the  close  of  his  Presidential  Address  to  the  Geological  Secti(»n,  referred  to 
the  country  of  the  dolomites  as  one  which  be  believed  would  be  found  to  be  cut  by  a 
great  many  oYerthrust  fault- planes. 

'  I  hope  soon  to  publish  a  geological  map  of  the  district  between  Sella  Joch  and 
Wolkenstein  on  the  West,  and  Cortina  d'Ampezzo  on  the  East,  surveyed  to  scale 
1 :  2.3,000  ;  and  to  give  along  with  it  a  complete  statement  of  mv  results. 

'  Dr.  W.  U.  Salomon,  **  Ueber  den  geologischen  Bau  und  die  Fossilien  der 
Marmolata/'  Verb,  der  k.k.  geol.  Keiclisaustalt,  7th  March,  1893. 
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of  Cipit  Limestones  with  tufaceoas  rooks  is  peculiarly  cfaaracteristia 
The  dolomite  rock  contains,  especially  at  its  base,  remains  of  Corals 
and  Crinoids.  Ammonites  also  have  been  found  in  the  dolomite.  I 
find  it  impossible  to  consider  the  succession  on  Pordoi  Joch  undis- 
turbed. On  the  south  side,  the  Wengen  lavas  dip  N.N.W.  (20°-30°) 
and  the  conformable  series  of  Cipit  Limestones  (Wengen  and  Lower 
Cassian  age)  and  Schlern  dolomite  beds  dip  in  the  same  direction  at 
a  rapidly  increasing  angle.  The  rocks  on  the  north  or  Sella  side 
are,  on  the  contrary,  remarkably  horizontal,  but  where  the  terrain 
descends  from  Sella  Mountain  to  Pordoi  Joch,  the  strata  dip  slightly 
southward  and  south-eastward,  t.e.  outward  from  Sella  (a  dip  which 
the  strata  exposed  on  the  lower  half  of  Sella  massif  continue  to 
have  all  round  its  eastern  side).  On  Pordoi  Joch,  therefore,  we  are 
presented  with  a  repetition  of  the  Cipit  Limestone  and  the  dolomite 
strata,  owing  to  the  passage  of  an  overthrust  plane  of  low  hade, 
above  the  Sasso  Pitschi  rock.  The  thrust-plane  hades  northward 
and  cuts  away  the  dolomite  rock  of  Sasso  Pitschi,  both  in  its 
eastward  and  westward  extension  below  the  Cassian  beds  of  the 
Sella  block.  This  fault  affords  to  my  mind  a  simple  explanation  of 
all  the  appearances  associated  with  "Coral  Reef"  : — 

1.  That  Sasso  Pitschi  appears  to  **  rise  out  of  Wengen  beds  " 

2.  That  the  dolomite  rock  of  Sasso  Pitschi  has  a  steep  cliff  edge  to  the  sonth,  and 
a  gentle  slope  to  the  north. 

3.  That  it  thins  out  on  Pordoi  Joch,  except  on  the  western  side,  where  it  appear* 
to  pass  conformably  under  the  dolomite  rock  of  Sella  massif. 

4.  The  **  overcast  bedding  with  northerly  dip  '*  said  to  be  observed  on  the  northern 
slope  of  Sasso  Pitschi. 

This  last-mentioned  appearance  is  clearly  shown  at  Sasso  Pitschi, 
and  is  by  no  means  the  only  case  in  which  I  believe  it  to  be  the 
result  of  fault  movement.  The  thrust-plane  observed  at  Sasso 
Pitschi  may  be  followed  with  N.N.E.  outcrop  close  under  the  cliff* 
of  Sella  to  Pian  de  Sass,  where  it  also  explains  the  seeming  anomalies 
of  the  succession.  If  we  now  proceed  to  mend  this  broken  section 
according  to  the  natural  succession  of  the  district,  we  have  a  fair 
representation  of  the  particular  volcanic  zone  from  east  to  west, 
already  referred  to  (see  Diagrams  I.-IL).  Hei*e,  where  we  are  on 
the  borderland  of  the  actual  passage  of  Wengen  and  Cassian  strafa 
into  their  deeper  sea  equivalents,  the  main  thickness  of  these  beds 
is  composed  of  volcanic  lavas  and  tufaceous  deposits.  The  Cipit 
Limestones  and  the  Sasso  Pitschi  "dolomite"  may  of  course  be 
regarded  as  the  direct  continuation  northwards  of  the  upper  part 
of  the  Marmolata  deposit  of  limestone  and  dolomite,  continued 
further  north  over  Sella,  Gardenazza,  etc.  This  is  an  example 
perfectly  analogous,  therefore,  with  the  case  of  the  heteropism  at 
Schlern  Mountain,  on  its  southern  and  northern  sides,  and  the 
Seisser  Alpe.  There  is  scarcely  Any  thickness  of  the  Cassian  horizon 
present  below  the  Schlern  dolomite  of  Sasso  Pitschi;  the  Middle 
(Cassian  or  "  Stuores  "  zone  partly  developed  as  "  Cipit  Limestones  ** 
on  the  Sella  slopes,  passes  to  the  east  and  north-east  into  the  thin- 
bedded  fossiliferous  marls  of  Enneberg.  and  reaches  a  later  palason- 
toJogical  deveiopment  on  these  meadows  than  below  Sella  and 
Sasso  Pitsohi, 
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I  have  dwelt  at  some  length  on  this  example,  because  it  shows 
again  the  tektonio  nature  of  some  of  the  difficulties  hitherto 
professedly  explained  by  the  ''Coral  Heef  theory.*'  We  must  in 
every  case  clearly  decipher  the  twofold  nature  of  the  difficulties  in 
South  Tyrol,  for,  as  we  have  seen  both  at  Sett  Sass  and  at  Sasso 
Pitschi,  the  battle  is  only  half  fought  with  a  knowledge  of  the 
Triassic  period.  In  the  latter  case,  Sasso  Pitschi,  tbe  heteropism 
of  the  Wengen  and  Cassian  strata,  together  with  the  conformable  suc- 
cession of  "Schlern  dolomite,"  are  the  stratigraphioal  truths  observed 
at  Pordoi  Joch.  The  tektonio  fact  is  the  overthrusting  from  the 
north  of  the  system  or  "  block "  of  strata  belonging  to  the  Sella 
massif  along  a  plane  formed  in  this  southern  part  by  the  cut  and 
tilted  ends  of  the  strata  belonging  to  the  fault-block  of  Sasso  Pitschi 
and  Cima  Rossi.  It  is  not  necessary  for  the  purpose  of  the  present 
article  to  follow  farther  the  courKO  of  this  thrust-plane,  or  to  describe 
in  detail  others  which  exist  in  the  districts  of  Enneberg  and 
Ampezzo,  Buchenstein  and  Upper  Qroden.  For  the  Pordoi  over- 
thrust  is  not  an  isolated  occurrence,  but  one  of  several  inclined 
planes  of  fault  which  pass  through  strata  of  all  ages  in  this  part 
of  the  "  Dolomite  Alps."  Above  Pian  de  Sass,  on  Sella  Mountain, 
an  overthrust  fault  passes  through  Dachstein  dolomite,  and  just 
north  of  the  Boe  Spitz  (the  highest  ridge  of  Sella)  a  fault  plane 
with  reversed  hade  has  raised  Dachstein  Dolomite  against  Jurassio 
strata.  The  direction  of  these  faults  is  S.S.W. — N.N.E.,  and  they 
afford  the  most  perfect  analogy  with  the  main  faulting  which  has 
taken  place  in  districts  west  and  south-west.  Suess  says,  in  sum- 
ming up  the  observations  of  faults  in  the  Southern  Alps  (east  of 
the  Judicarian  fault) :  **  Long  flexures  have  occurred  passing  locally 
into  faults,  which,  nmning  parallel  to  the  Judicarian  line,  have 
let  down  the  strata  on  the  eastern  side,  and  have  caused  over- 
thrusting  to  the  east,  or  more  correctly  from  a  W.N.W.  direction 
towards  E.S.E.  These  extend  from  the  Judicarian  line  as  far  as 
the  left  side  of  the  Etsch  below  Peri.  Further,  similar  flexures 
have  occurred  which  run  more  or  less  parallel  with  the  Asta  faults, 
lie  south  of  these,  and  have  let  down  the  strata  on  the  south, 
and  sometimes  overthrust  them  to  the  south.  Some  of  the  Judi- 
carian faults  swing  round  in  sharp  curves,  in  the  proximity 
of  the  Etsch  Valley,  into  the  direction  of  the  Asta  faults"  ("Das 
Antlitz  der  Erde,"  Bd.  I.  pp.  3Ii4:-335).  It  is  just  such  a  swing- 
round  that  the  inclined  fault -plane  of  Pordoi  and  Sella  shows,  an<l 
1  may  state  generally  that  the  faults  of  Sella  may  be  grouped  with 
the  Judicarian  system,  whereas  those  of  Griiden  Joch,  of  Buchenstein 
Valley,  and,  in  short,  the  faults  in  this  area  which  pass  through 
anticlines  of  the  deeper  lying  Triassic  strata,  belong  to  the  Asta 
series.  No  hard  and  fast  distinction  can  be  drawn  between  these 
systems;  they  pass  into  one  another  and  form  one  complicated 
system  of  movements,  which  may  be  proved  even  in  the  small 
district  of  Enneberg  to  have  afiected  the  positions  of  both  Triassic 
and  Mesozoio  rocks. 

By  reason  of  these  faults,  the  dolomitic  rock  has  sometimes  been 
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BO  placed  with  regard  to  the  earthy  depoeits  below  or  above  as  to 
look  like  an  iDdependent  reef  from  the  midat  of  sedimentary  rocks 
of  its  own  age.  Or  it  has  been  doubled  npon  itself,  and  thus, 
apparently,  attains  a  much  greater  thickness.  The  harder  rocks  of 
Schlem  and  Dachstein  dolomite  have  sometimes  been  pushed  into 
new  positions  over  the  slipping  substratum  of  earthy  rocks  without 
themselves  undergoing  much  relative  change  of  position  or  per- 
ceptible  evidence  of  strain,  except  when  complications  are  introduced 
by  minor  thrusting  and  faulting  along  the  main  planes.  I  hope  to 
find  out  from  specimens  collected  if  any  degree  of  internal  change 
in  the  crystallization  of  the  rocks  may  be  due  to  thrust-strain. 
Visible  si^s  of  this  strain  are  given  by  the  "overcast  bedding" 
at  Sasso  Pitschi  and  on  the  east  side  of  Sella. 

The  appearance  called  "overcast  bedding"  is  not  always  a  con- 
comitant of  a  thrust-plane,  but  is  sometimes  occasioned  by  the 
outward  dip  of  the  dolomite  strata  from  the  mountain.  The 
weathering  of  the  rock  then  produces  a  characteristic  effect,  e-g.  on 
the  west  side  of  Diirrenstein,  where  the  strata  dip  west;  on  the 
north  side  of  Sett  Sass,  where  they  dip  north ;  on  the  east  side  of 
Sella,  where  they  dip  east,  etc.,  etc.  Another  form  of  "overcast 
bedding'*  is  produced  in  the  Cassian  strata.  The  tufaoeous  or  marly 
beds  surrounding  Cipit  Limestone  are  worn  or  washed  away  more 
rapidly  than  the  Limestones  which  gradually  fall  over  and  strew 
the  steep  slopes  below  the  dolomite  rocks.  This  is  also  a  common 
reason  why  the  reef- limestones  predominate  more,  to  all  appearance, 
in  the  neighbourhood  of  the  cliffs  than  on  the  less  steeply  inclined 
gradients  of  the  "  Alpen  "  or  meadows. 

A  curious  and  particularly  pleasing  appearance  is  produced  where 
a  mountain  slope  of  Schlern  dolomite  has  been  gradually  denuded 
by  snow  and  ice,  wind  and  weather,  of  its  Raibl  "robe  of  many 
colours."  Patches  of  greenish  or  reddish  marls,  from  the  size  of  a 
bean  to  the  roof  of  a  house,  are  left  upon  the  pure  crystalline 
whiteness  of  the  dolomite.  The  sunlight  sends  its  gleams  upon  it 
till  the  cold  rock  is  lit  with  life,  and  the  shimmer  that  runs  thn^ugh 
the  leaves  of  an  autumn  forest  is  not  more  beautiful.  All  the  more 
strange  is  the  contrast  to  the  Alpine  climber  when  he  reaches  the  top 
and  finds  on  the  other  side  of  the  mountain  a  giddy  precipice  of 
apparently  unbedded  rock.  We  cannot  wonder  that  the  idea  of 
steep  Coral  cliffs  facing  the  broad  ocean  and  shelving  inwards  into 
calm  bays  and  lagoons  has  long  held  its  own  in  the  mind  of  many 
as  a  fitting  theory  of  the  origin  of  such  wonderful  mountains  I 
Beside  it,  any  other  explanation  pales,  and  seems  beset  with  endless 
complications. 

For  no  sooner  does  one  realize  the  main  laws  attending  Tertiary 
movement  in  the  "Dolomites'*  (a  series  of  wide  folds  running, 
roughly  speaking,  east  and  west ;  anticlines  segmented  by  steep  fault- 
planes  which  meet  and  intercross  as  at  Groden  Joch,  or  by  over- 
thrust  fault-planes  as  in  the  Buchenstein  Yalley ;  synclines  sinkin;; 
unequally  in  many  detached  pieces,  e.g.  the  Tofana  and  Ereuzkofl 
massif.  Sett  Sass,  etc.),  than  new  difficulties  present  themselves. 
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V. — Complete  Harmony  of  the  Geology  of  Ennebeig  in  Soath  Tyrol, 
with  recognized  methods  of  Alpine  Mountain-making. 

Since  the  main  folding  and  overthrusting  and  East- West  faulting 
took  place,  these  planes  of  fault  and  the  strata  through  which  they 
passed  have  continued  to  suffer  from  movements  of  a  vertical  nature 
and  usually  in  transverse  direction  (e/l  Yacek's  observations  on 
North-South  faults  in  the  Etsch  basin).  For  example,  I  have  already 
referred  to  an  important  thrust-plane  in  the  Buchenstein  Valley. 
It  may  really  be  better  called  an  east  and  west  direction  of  over- 
thrust  faulting,  for  the  main  thrust  is  made  up  by  the  coincidence  of 
several  minor  overthrusts,  and  it  breaks  eastwards  into  a  number 
of  diverging  overthrusts.  The  whole  series  of  faulting  is  cut  off 
just  west  of  the  Arabba  stream  by  a  vertical  fault  of  considerable 
throw,  extending  north  and  south,  and  letting  down  the  Sella 
block  in  the  west.  This  fault  passes  through  the  western  limits  of 
the  Prelongei  and  Stuores  meadows,  while  the  Buchenstein  over-thrust 
lies  on  the  southern.  Another  important  North-South  fault  occurs 
between  Cherz  and  Varda,  in  the  Buchenstein  Valley,  again  letting 
down  the  western  flank.  What  do  we  find  now  on  the  northern 
and  eastern  limits  of  Prelongei?  Northward,  the  squeezed  and 
shattered  anticline  of  Groden  Jooh  passes  across  the  meadows  and 
is  cut  off  by  the  north-south  vertical  fault  traced  southward  from 
Heilig-Kreuz.*  The  mountains  of  Kreuzkofl  and  La  Verella  are 
let  down  to  the  east  of  this  fault  until  Dachstein  dolomite  reaches 
almost  the  same  low  contours  as  it  does  at  the  Sella  massif 
(eastern  side),  and  at  Sett  Sass.  We  see,  therefore,  that  the  Cassian 
strata  of  Prelongei  are  pressed  like  a  pliable  plug  into  the  midst  of 
an  ancient  arena  of  cross-movements.  And  in  this  light  the  theory 
that  the  fossiliferous  Cassian  deposits  collected  in  a  basin  more  or 
less  surrounded  by  high  Coral  cliffs  of  Sett  Snss,  Sella,  Lagazuoi 
and  Gardenazza,  sinks  into  insignificance,  for  here  we  have  some- 
thing much  grander !  These  are  the  processes  of  ages  which  have 
given  us  our  grand  Alpine  Chains.  The  meadows  of  Enneberg  have 
in  this  history  one  which  will  bear  comparison  with  the  proudest 
tales  of  Switzerland,  lliey  give  us  their  trophy  of  miniature  forms 
of  mid-Triassic  life ;  they  give  us  also  an  insight  into  Nature's 
methods  of  mountain-making,  on  a  miniature  scale  it  is  true,  but 
following  natural  law  as  inevitably  as  did  the  spirals  of  their 
thousand  Gasteropods,  or  the  delicate  intricacies  within  their  myriad 
Brachiopods. 

I  must  for  one  moment  refer  to  the  latest  volcanic  eruptions  which 
took  place,  presumably  also  in  Triassic  time,  in  the  districts  of 
Predazzo  and  Monzoni  (Fleims  and  Fassa  Valleys).  The  innumer- 
able dykes  of  the  district  often  penetrate  Wengen  lavas  and  Schlern 
dolomite,  and  are  said  to  be  limited  to  a  certain  radial  distance 
from  the  chief  centres  of  eruption.  The  northern  limit  given,  viz. 
Kr>della,  Canazei,  and  Marmolata,  for  the  occurrence  of  intrusive 
porphyry  in  rocks  younger  than  Lower  Wengen,  must,  however, 

>   Vide  Q.J.O.S.  1893,  **  General  Map,*'  p.  70,  where  the  important  faults  in  the 
Prelongei  distriet  are  drftwn. 
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be  extended  to  inolade  the  meadows  of  Prelongei,  for  in  them  I 
found  intrusive  sheets  penetrating  high  horizons  of  Cassian  strata,' 
and  producing  oon tact-met amorphism  in  sedimentary  beds  above  and 
below.  At  Groden  Joch,'  and  in  the  Buchenstein  Valley,  dykes  of 
porphyry  occur  in  Liower  Trias  and  Wengen  horizons.  Where 
they  pass  through  Upper  Muschelkalk,  they  have  oonverted  it  tii 
bHu  into  a  brecciated  rock,  or  sheared  it  into  shaly  layers.  Both  on 
Groden  Joch  and  on  the  Buchenstein  cliffs  the  porphyry  is  exposed 
in  the  main  fault-lines  which  cut  through  these  two  anticlines  of 
older  Trias.  In  the  Buchenstein  Valley,  above  Varda,  the  volcanic 
rocks  are  hopelessly  mixed  up  with  the  overthrust  beds  of  Lower 
and  Upper  Muschelkalk  and  Buchenstein  strata,  but  they  are  absent 
in  the  highly-folded  succession  of  the  same  rocks  below  the  thrust- 
plane,  at  Ruaz,  or  in  the  series  of  radiating  faults  below  Pieve. 
Further  detail  I  cannot  give  in  these  pages ;  I  would  only  indicate 
the  natural  considerations  which  surest  themselves  with  regard 
to  the  age  of  the  intrusive  sheets.  Two  hypotheses  may  be  stated: 
— (1)  The  intrusions  of  Augite  Porphyry  in  these  cases  may  be  of 
Triassio  age,  exposed  along  with  the  Triassio  rocks  through  which 
they  penetrated,  by  later  faulting  and  erosion.  Since  they,  as  well 
as  the  lavas  of  distinctly  Wengen  age,  often  occur  along  tlie  path  of 
faults,  it  would  seem  that  the  Judicarian-Asta  system  of  faults  fol- 
1  )wed  largely  ancient  lines  of  weakness,  which  had  been  marked  by 
the  outbreak  of  lavas  in  Triassio  time,  or  intrusions  of  porphyry  of 
uncertain  age.  (2)  The  idea  that  the  intrusions  may  have  been 
associated  with  Tertiary  movements  in  the  Alps  is  not  supported  in 
Enneberg,  but  rather  the  evidence  shows  that  at  this  period  the 
volcanic  rocks,  both  contemporaneous  and  intrusive,  behaved  as  a 
compact,  united  mass,  along  with  the  sedimentary  rocks. 

The  Buchenstein  Valley  finds  its  tektonic  continuation  in  the 
Pordoi  and  Rod  el  la  district,  where,  as  a  previous  quotation  shows 
(p.  53),  the  facts  appear  to  be  in  the  main  analogous.  If  we 
now  compare  the  great  "Eruptive  Fault"  of  Fleims  and  Fassa, 
we  find  that  by  its  throw  at  Sattel  Joch,  the  northern  wing 
of  the  fault  is  Lower  Trias,  faulted  to  the  same  level  as  Schlem 
dolomite  on  the  south.  The  "  Eruptive  Fault "  changes  in  its 
relations  at  Viesena,  but  it  may  be  traced  east  and  west  through 
the  country  to  a  considerable  distance  from  the  actual  eruptive 
centres.  Here  and  there  along  its  main  line  or  its  radiating 
branches,  dykes  of  poq^hyry  and  melaphyre  occur,  just  as  in  tbe 
fault-lines  further  north.  I  should  think  there  could  be  little  douht 
that  these  great  longitudinal  fault-lines,  together  with  the  parallel 
Villniis  fault  in  the  north,  were  developed  under  the  same  general 
conditions,  and  were  for  the  most  part  of  pre-Tertiary  origiu. 
These  faults  have  all  been  important  planes  of  movement  since 
Mcsozoio  time.  Tertiary  faults  in  some  places  coincide  with,  or 
cross  at  varying  angles,  lines  of  Triassio  disturbance.     Where  areas 

1  Q.J.G.S.  1893,  Joe.  eit.  p.  18,  Map  A. 

'  Cf.  ron  Richtbofen,  loe.  eit.  p.  133,  etc.,  who  notes  the  occarrence  of  intraaTe 
rocks  at  Groden  Joch. 


Miss  M.  M.  Ogiltie— Coral  in  the  "  Doiomitea:'  69 

already  considerably  faulted  have  been  affeoted  in  this  way,  the 
ultimate  results  may  seem  conflioting.  More  espeoially  might 
this  be  expected  in  the  Fassa  or  Kodella  distriots,  but  no  such 
complication  would  gainsay  the  striking  analogy  which  the 
**  Eruptive  Fault "  of  Fassa  presents  in  its  main  tektonio  aspects 
with  the  faults  of  Buchenstein  and  the  Qroden  Joch. 

VX — Condosions  with  regard  to  Coral  Formations  in  the  Dolomites. 

We  are  now  in  a  position  to  examine  more  closely  the  points 
of  agreement  and  difference  which  Coral  formations  in  the 
Dolomites  present  with  the  various  theories  of  Coral-reef  growth. 
Mojsisovics '  has  clearly  shown  to  what  a  great  extent  variation  in 
the  rate  of  subsidence  and  the  depth  of  the  sea-floor  hcts  influenced 
mid-Triassic  deposit  in  South  Tyrol.  Rothpletz,  in  his  most  recent 
work,'  has  discussed  the  entire  question  and  brought  forward  the 
importance  of  submarine  banks  of  sediment.  While  I  have  attempted 
to  indicate  an  irregular  sea-floor  in  Diagrams  I.  to  lY.,  I  designed 
thuse  diagrams  mainly  to  show  one  or  two  other  facts  of  almost 
equal  importance :  (a)  that  coralline  "  Cipit  Limestone  "  and  Coral 
Dolomite  form  comparatively  small  thicknesses  of  interbedded  rock 
and  not  the  main  body  of  the  mountain  masses;  (b)  that  Corals 
began  to  grow  in  Wengen  time  on  a  submarine  volcanic  ridge  on 
the  northern  edge  of  a  great  area  of  subsidence,  and  travelled  inward 
and  northward  in  Cassian  time ;  (e)  that  extensive  banks  of  Coral 
were  formed  in  scattered  localities  during  the  Raibl  period  of 
shallower  water  and  Dolomite  deposit. 

The  Coral-blocks  and  lenticular  **  Cipit  Limestones  "  were,  there- 
fore, to  begin  with,  members  of  a  submarine  barrier- ridge,  and  never 
were  strand-reefs.  There  was,  from  early  Wongen  time,  an  inner 
protected  part  of  the  sea  whoso  bed,  so  far  from  being  deepened  in 
the  way  indicated  either  by  Murray  or  Guppy,  was  constantly  being 
shallowed  by  the  rapid  accumulation  of  shore  sediment  and  the 
intermittent  eruption  of  porphyry  and  lava.  The  movement  was 
one  of  subsidence,  proved  by  the  fact  that  the  Corals  moved  north- 
wards, or  inwards,  in  the  later  Cassian  periods,  and  gave  place, 
along  the  old  Fassa-Grijden  barrier,  to  the  formation  of  marine 
Calcareous  deposit.  Probably  occasional  stationary  intervals  re- 
tarded the  subsidence  of  this  inner  sea,  and  were,  so  far,  favourable 
for  Coral -growth.  Several  authors  have  called  attention  to  the 
evidence  of  the  action  of  currents  in  those  areais.  The  vicinity  of 
land  is  proved  by  the  frequency  of  plant  remains  everywhere  in  the 
Wengen  sediments.  In  the  Cassian  strata  of  Enneberg  these  are 
very  rare ;  on  the  other  hand,  in  the  Ampezzo  district,  fragments  of 
stems  and  leaves  are  common  at  certain  horizons  of  Cassian  and 
also  of  Raibl  strata,  and  were  not  unlikely  swept  here  by  some 
wide   river-channel  from  the  north-west.     The  area  of  depression, 

*  iMoffsisovics,  "Dolomit-Riffe,'*  etc.,  pp.  605-510,  and  more  especially  for  general 
tektoriic  relations,  chap.  xvii. 

'  Kothpletz,  **  Ein  geolo^'scherQuerschnitt  dnrch  die  Ostalpen/*  Stuttgart,  1804, 
pp.  52-G7.  "  Ist  der  Schlerndolomit  ein  Korallenriff-Bildung*'— a  full  discussion 
of  the  question. 
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south  of  the  Fassa-Oroden  barrier,  extended  also  oonsiderably  west- 
ward ;  it  was  a  basin  in  whioh,  during  Permo-Triassio  time,  volcanic 
activity  was  never  long  absent 

Comparing  now  the  conditions  existing  in  the  West  Indies 
at  present,  the  resemblance  is  most  striking.  We  read  from 
Langenbeck^  that  barrier-reefs  "have  built  on  the  outermost  edge 
of  extensive  banks  of  sediment  which  have  been  heaped  up  along  the 
whole  North  Coast  of  Cuba  by  sea-currents  "  (toe.  eit.  p.  18)  ;  and 
again,  "It  is  exactly  this  difference  in  the  degree  of  subsidence 
which  produces  the  contrasts  (so  very  characteristic  of  the  north- 
west part  of  the  Caribbean  Sea)  between  great  oceanic  depths  and 
relatively  shallow  portions  of  the  sea,  the  two  abutting  almost 
directly  on  one  another,  united  by  steep  slopes"  {loc.  cit,  p.  24). 
In  the  Australasian  Archipelago  we  find  essentially  similar  physical 
and  natural  phenomena — in  the  Philippine  Islands,  the  Solomon, 
Pelew,  and  Fiji  Islands,  etc.  There  too,  reef-Corals  show  special 
favour  for  submarine  ridges  and  plateaux  in  the  immediate  proximity 
of  areas  of  strongly-marked  subsidence,  and  very  generally  where 
volcanic  agencies  have  recently  been,  or  still  are,  active.  Everyone 
conversant  with  the  literature  of  recent  Coral-reefs  will  recall  abun- 
dant testimony  of  the  co-operation  of  the  same  great  geophysical 
forces  which  influenced  the  Triassic  seas  of  South  Tyrol,  and  made 
them  locally  suitable  for  the  existence  of  beds  of  reef-Coral  and  the 
development  of  a  rich  fauna. 

Giippy  and  other  observers  have  stated  that  during  "negative," 
or  shallowing  movement,  Corals  grew  seldom  in  reef-like  fashion; 
they  tended  rather  to  spread  laterally  and  form  extensive  banks,  or 
even  terraces.  This  is  admirably  illustrated  by  the  Coral-banks 
of  the  Kaibl  period.  Their  mode  of  occurrence  reminds  one, 
too,  of  the  "Coral  Oolite"  beds  of  Jurassic  deposits.  The  Coral 
rock  formed  in  South  Tyrol  in  Raibl  time  is  not  Limestone;  it 
is  a  member  of  a  highly  Dolomitio  series  and  is  itself  Dolomitia  It 
must  be  remembered  that  the  Dolomitism  of  the  Raibl- Dachstein 
period  is  by  no  means  confined  to  South  Tyrol,  but  is  a  common 
feature  in  greater  or  less  degree  in  the  Alps  and  in  Eeuper  deposits 
elsewhere.  The  volcanic  eruptions  of  Predazzo  and  Monzoni  have 
been  attributed  to  the  early  part  of  the  Raibl  period.  This  would 
conform  with  the  local  oscillations  of  level  in  neighbouring  areas 
and  the  temporary  "  back-flow  "  of  the  water.  The  Pelew  and  Fiji 
Islands  and  the  Sandwich  Islands  yield  again  good  cases  of  analogy. 

Darwin's  theory  demands  fairly  consbmt  equipoise  throughout  a 
long  geological  age  between  the  rate  of  growth  of  reef-Coml  and 
the  rate  of  subsidence  of  the  reef-basis.  There  is  not  satisfactory 
evidence  in  favour  of  this  in  South  Tyrol;  my. special  survey  in  a 
part  of  the  district  seems  to  me  to  justify,  without  doubt,  the 
position  of  those  authorities  who  have  contended  that  the  immense 
thicknesses  of  "  Schlern  Dolomite  "  rock  were  an  ordinary  marine 
deposit  and  not  "  Coral-reefs." 

*  Dr.  R.  Langenbeck,  "  Die  Theorieen  iiber  die  Entstehnng  der  Eoralleninseln 
und  KorahemiSe  und  ihire  Bedeutung  fur  geophysische  Fragea."    Leipzig,  1890. 
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II. — On  80KK  JuBASSio  Spkoibs  of  Chbilostomata. 

By  J.  W.  Grboory,  D.Sc,  F.G.S.  ; 
of  the  British  Moaeain  (Natural  History). 

IE  extraordinary  abundance  of  Bryozoa  of  the  order  Cheilosto- 
mata  which  oocnrs  throogbout  the  Cainozoic  era,  in  comparison 
b  their  scarcity  in  earlier  formations,  has  often  been  remarked, 
cresting  explanations  of  the  saddenness  of  their  appearance 
e,  moreover,  been  offered  by  those  who  do  not  attach  so  much 
ortance,  as  do  some,  to  the  imperfection  of  the  geological  record. 
>ilo8tomata  are  not  unknown  from  earlier  deposits:  the  Cretaceous 
:em  has  yielded  a  fair  number,  while  even  as  early  as  the  Silurian 
3ies  have  been  found.  Though  doubts  have  been  thrown  on 
$e  early  records,  there  seems  no  sufficient  reason  to  discredit 
m.  Even  if  Prof.  Nicholson's  Hippothoa  inflata  (Hall) '  should 
1  out  to  be  a  Stoma topora,  which,  if  the  figure  be  correct,  is 
it  unlikely,  there  remain  many  species  in  later  Palsdozoic  deposits : 
h  are  those  belonging  to  Prof.  James  Hall's  genus  Fahschara,^ 
Ich  Mr.  Ulrich'  accepts  as  Chilostomatous,  though  Prof,  von 
rel  *  includes  it  doubtfully  with  the  Ftilodietyonida.  Some  of  the 
cimens  of  Liehenalia^  etc.,  figured  by  Hall,^  as  well  as  the  same 
hor's  Cysfopora  geniculata*  may  also  belong  to  this  order, 
lie  Jurassic  fauna,  however,  so  far  contains  very  few  records  of 
iilostomata,  though  Prof.  Nicholson'  remarks  that  from  the  Jurassic 
rard  there  are  abundant  remains  of  this  group.  Micheliti  has 
ired"  a  specimen  which  he  has  named  Esehara  ranvillianat  which 
ainly  belongs  to  the  Cheilostomata,  though  until  its  internal 
icture  is  known  it  cannot  be  definitely  placed.  It  must  be 
gned  to  the  suborder  "  Athyriata "  and  probably  to  either  the 
'Toporida  or  CeUariida.  The  latter  is  most  probable,  as  species 
this  family  occur  on  the  same  horizon  in  England.  Haiuie  *  has 
jrded  two  species:  Terebripora  antiqua,  D*Orb.,  which  has  not 
n  figured,  and  the  description  is  insufficient  to  determine  the 
er  to  which  it  belongs ;  his  second  species  is  the  Cellaria  Smithi, 
Hips,***   which   he  follows   Morris"   in   definitely  including  in 

H.  A.  Nicholson,  Descriptions  of  Polyzoa  from  the  Silurian  Formation,  Rep. 
I.  Surv.  Ohio,  toI.  ii.  Palaiontology.  1875,  p.  268,  pi.  ixv.  fie.  1.     The  Akcio 
\ta  of  Hall,  Palatontologj  of  New  York,  vol.  i.  1847,  p.  77,  pT.  xxvi.  fig.  7. 
James  Hall,  ibid.  toL  ti.  Corals  and  Bryozoa,  1887,  e.g.  Pateichara  digsimilis, 
5,  pi.  XV.  fi^.  11. 

E.  0.  Ulnch,  Palaeozoic  Bryozoa,  Paleeontology  of  Illinois,  part  ii.  sect.  vi. 
1.  Surv.  Illinois,  vol.  viii.  1890,  p.  366. 

K.  von  Zittel,  Handbuch  der  Palaeontologie,  Palaeozoologie,  Bd.  I.  Abth.  I. 
,  1880,  p.  604. 

James  Hall,  ibid.  voL  vi.  1887,  e.g.  pi.  xxx.  figs.  5  and  6;  pi.  xxxi.  figs.  12,  17, 
22.  and  29.  •  Ibid.  p.  103.  pi.  Ixvi.  figs.  7-9. 

H.  A.  Nicholson  and  E.  Lydekker,  a  Manual  of  Palaeontology,  3rd  edit.  1889, 
i  p.  634. 

H.  Michelin,  Icono^phie  Zoophytologique,  Paris,  1846,  p.  243,  pi.  Ivii.  fig.  12. 
J.  Haime,  Description  des  Br)'ozoaires  fossiles  de  la  formation  Jurassique,  M6m. 

lii-oL  France,  ser.  2,  t.  v.  1854,  p.  217. 

J.  Phillips,  Illustrations  of  the  Geology  of  Yorkshire.   Part  I.   The  Yorkshire 
it.  1829,  p.  143,  pi.  vii.  fig.  8. 

J.  Morris,  Catalogue  of  British  Fossils,  1843,  p.  39. 
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mppolhoa.  Phillips'  figare  is  qnite  naelesB ;  bnt,  with  his  nsnal 
courtesy,  Mr.  H.  M.  Platnauer  has  kiodly  lent  me  the  t;p« 
which  is  Qow  in  the  York  Muaeum  ;  the  ipeciea,  however,  oertaiul; 
does  not  belong  to  Hippolhoa  ns  that  genne  ia  now  defined. 

In  a  paper  on  the  British  Paleogene  Brjrozoa '  I  pointed,  out  the 
occurrence  of  Ottyehocella  in  the  Jurassic,  and,  ooneidering  the  raritj 
of  known  species  of  Cbilostomsta  of  this  age,  I  take  this  opportunity, 
with  the  kind  permission  of  Dr.  Woodward,  of  deBoribiug  this  speciei 
and  one  of  the  genus  Membranipora.  Both  specimens  are  in.  the 
British  Museum. 

Order:  CHEILOSTOMATA. 
Suborder :  ATHYEIATA. 
Family :   KaiiBHAHiPORiDfi. 
Genus:  Mkmbbanipoka,  Blainville,  1834. 
Species  I. :  Mixdbahipoba  jubabsioa,*  n.  sp.  (Fig.  I). 

DlAOHOSIS. 

Zoirium  :  Erect,  foliaoeous,  bilaminate. 

Zoacia  :  Regulnrly  qiiincuncial,  form  hexagonal,  slightly  irregular. 
Opesia  very  large.  Aperture  occupying  the  whole  of  the  opesium 
and  markedly  clithridiate  in  shape.     Rim  apparently  plain,  highest 


on  the  margin  of  the  aperture,  and  sloping  thence  to  the  inter- 
zocecial  sutures.  Front  wall  very  small  in  extent,  consisting  only 
of  a  narrow  space  at  the  upper  end  of  the  zooocium,  aometinies  re- 
placed by  orociiim. 

Oaeivm :  Cucullate,  reniform  in  shape,  surrounded  by  a  low  rim. 
The  omcia  are  sparsely  scattered  over  the  7X)arium. 

Avicularia  :  Usually  a  pair  at  the  upper  corners  of  the  zooecinm, 
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bat  sometimes  there  is  only  one.  The  aperture  is  oval.  They  are 
mediam  in  size. 

Dimensions  :   Length  of  a  zooecium  1*3  mm ;  breadth  0*85  mm. 

DiSTBiBUTioN :  Caloaire  &  polypiers.  (Bathonian.)  Banville,  Nor- 
mandy, France. 

Type  :   Brit  Mub.  D  180. 

Affimitiks  of  the  Species. — This  speoies  belongs  to  a  group 
which  is  well  represented  in  the  Cretaceous,  and  it  is  advisable  to 
compare  it  with  the  following  seven  speoies.  From  Membranipora 
hipunetata^  Goldf.,'  it  differs  in  that  in  the  latter  the  aperture  is  oval, 
the  zooecia  are  less  regular,  and  there  is  but  one  avioularium ;  the 
species  are  allied  in  general  aspect  and  the  structure  of  the  rim. 
M.  velamefif  Goldf.,'  resembles  the  new  species  in  the  shape  of  the 
aperture,  but  it  has  a  more  extensive  front  wall,  larger  (and  possibly 
vicarious)  avicularia,  and  the  shape  of  the  zooecia  is  different.  JL 
cjfprist  D*Orb.,'  agrees  in  the  shape  of  the  zooecia  and  the  character 
of  the  rim,  but  has  an  oval  aperture  and  no  avicularia.  M,  regutartB, 
D.Orb.,  agrees  in  the  structure  of  the  avicularia,  but  the  other 
cliaracters  show  that  the  species  are  clearly  different.  M.  tuberosa, 
Novuk,^  agrees  in  its  general  characters,  but  it  possesses  numerous 
Tibracularia  and  is  more  ornamented.  Marsson's  figure^  of  M,  lyra. 
Hag.,  shows  that  this  Maestrioht  species  belongs  to  the  same  group, 
but  it  may  be  easily  distinguished  from  M,  j'urassica  by  its  oval 
aperture. 

Family :  MiOROPORiDiE. 

Genus:  Onyohocella,  Jullien,  1881. 

Species :  Ontghocella  bathoniga,  n.  sp.  (Fig.  2). 

Diagnosis. 

Zoarium:  Encrusting;  an  extensive  thick  crust 

Zoceeta  :  Skittle-shaped,  the  lower  part  being  like  half  a  hexagon, 
closed  above  by  a  well-rounded  arc.  Aperture  ovato-deltoid  with  a 
blont  upper  end ;  the  lower  margin  is  entire  and  but  slightly  curved 
and  has  a  somewhat  raised  thin  margin ;  the  aperture  is  large. 
Front  wall  small,  triangular,  depressed;  minutely  granular.  Kaised 
rim,  plain,  non-crenulate. 

Avicularia :  Large,  vicarious  ;  long,  tapering  at  each  end ;  irre- 
gularly scattered  over  the  zooecium.  Apertures  obovate.  A  small, 
triangular  front  wall  both  above  and  below  the  aperture. 

DiNEMSiONS  :  Length  of  a  zooecium  ;  1  ram. ;  breadth,  0*8  mm. 

'  Celhpora  hipunctata,  Goldfuss,  Pet.  Germ  Bd.  I.  lit.  1,  1827,  p.  27,  pi.  ix. 
fi^.  7,  and  Ilagenow,  Die  Brjozoen  der  Maaatiichter  Kreidebildung,  1851,  p.  76, 
pi.  ix  fig.  9. 

'  CelUpora  vclamen^  Goldfuss,  op.  cit.  p.  26,  pi.  ix.  fig.  4,  and  Hagenow,  op.  cit. 
p.  97,  pi.  xii.  fig.  1,  in  which  the  tj-pe  is  refigured. 

»  Pal.  Franc.  Terr.  Cret.  t.  v.  p.  551,  pi.  607,  fi^.  11-12. 

FluHtrina  reffularis,  D'()rb.,  ibid.  p.  306,  pi.  702,  figs.  17-19.  Flustrina  elegans, 
p.  302,  pi.  701,  figs.  17-19,  appears  to  be  only  a  worn  variety  of  this  species. 

*  Xov&k,  Beitrag  zur  Kenntniss  der  Brvozoen  der  bbhmischen  Kreideformation 
Denk.  k.  Akad.  Wiss.  Wien.  Bd.  xxxvii.  Abth.  II.  1877,  p.  92,  pi.  i.  figs.  1-3. 

*  Th.  Mjirsson,  Die  Bryozoen  der  weissen  Schreibkreid  der  Insel  liiigen.  Pal. 
Abth.  Bd.  IV.  Ht.  1.  1887,  p.  69,  pi.  t.  tig.  17, 


64   W.  M.  Hnichinga — Clay 8,  Slates,  and  Contaci'Meiamorphmk 

Distribution  :  Caloaire  k  polypiers  (Bathonian.)  BaDville, 
Normandy,  France. 

Typk:  Brit  MU8.D181. 

Affinitiks. — The  closest  allies  of  OnychoceUa  haihonica  are  foar 
species  from  the  Cretaceous,  which  have  been  described  under  other 
generic  names.  It  is  unfortunate  that  there  is  some  donbt  about  its 
nearest  ally,  a  Maestrichtien  species,  described  by  Hagenow ;  in  his 
monograph  he  has  given  two  figures^  which  he  assigns  to  the 
species  Cellepora  (Diseopora)  honinckiana ;  but  the  structure  of  the 
aperture  is  so  different  in  the  two,  that  I  feel  bound  to  assign  them 
to  different  species :  in  his  first  figure  the  aperture  is  mucronate 
and  is  small;  in  the  second  (fig.  11)  the  aperture  is  elliptic,  with 
the  longer  axis  longitudinal,  the  lower  margin  is  entire,  the  aperture 
occupies  twice  as  large  an  area  as  in  the  former,  and  the  avicularia 
are  much  larger.  I  therefore  make  Hagenow's  second  figure 
(fig.  11)  into  a  new  species  under  the  name  of  OnchyoceUa  hagenawi. 
This  is  the  nearest  ally  of  0.  baihonicaf  but  it  differs  in  the  lai^r 
size  of  both  the  avicularian  and  zooecial  apertures. 

OnychoceUa  piriformis  (Goldf.)'  is  another  ally,  but  has  a  lower 
zooecial  aperture,  while  the  avicularian  aperture  is  larger  and  the 
front  wall  occurs  only  above  and  not  on  both  sides  of  this. 
0.  santonensis  (D'Orb.)^  has  a  smaller  mouth  and  longer  avicularia; 
0.  Bolea  (Novak)^  a  semi-elliptical  aperture  with  a  mucronate  lower 
margin. 

The  result,  therefore,  of  the  present  communication  is  the  first 
description  of  Bryozoa  of  the  order  Cheilostomata  in  the  Jurassic ; 
the  species  described  belong  to  the  two  families  of  the  Membrani- 
porida  and  Microporida ;  but  representatives  in  this  age  of  the 
Cellar iida,  Smittida,  and  other  families  are  also  included  in  the 
British  Museum  Collection. 


III. — Notes  on  thk  Composition  op  Clays,   Slates,   etc.,   and 
ON  Some  Points  in  their  Contact- Mstamorpuism. 

By  "W.  Matna&o  IIutchinos,  Esq. 
(Concluded  from  the  January  dumber,  p.  45.) 

AFTER  this  substance  has  been  well  observed  in  good 
occurrences,  it  is  always  recognized  at  once,  even  as 
isolated  small  patches  in  a  slide.  It  has  a  very  characteristic 
appearance'  among  the  other  constituents.  It  is  marked  off,  for 
instance,  by  its  special  refraction  from  anything  else  that  occurs  in 
these  rocks,  and  has  other  characteristics  not  to  be  missed  when 
once  observed,  but  not  very  easy  to  exactly  describe.  As  soon  as 
it  ceases  to  be  quite  inert  in  polarized  light,  as  soon  as  the 
speck ly  polarization   sets  in,  it  has  also  a  more  or  less   granular 

^  Hagenow,  op.  cit.  p.  95,  pi.  xi.  figs.  10  and  11. 

'  Eichara  piriformis^  Goldfuss,  op.  eit,^,  24,  pi.  viii.  fig.  10;  Hagenow,  op.  cit, 
p.  75,  pi.  ix.  fig.  6 ;   pi.  xi.  fig.  6. 

'  Ettehara  santonetms^  D'Orbigny,  op.  eit.  p.  109,  pi.  603,  figs.  1-3;  pL  673, 
fig.  4. 

'  Mi/lustra  tolea,  NoT&k,  op.  eit.  pp.  94-95,  pL  iii.  figs,  12-16. 
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appearance  in  ordinary  light  with  lowered  condenser,  which  is  very 
characteristic.  In  different  slides,  and  often  in  one  and  the  same 
slide,  various  stages  of  development  may  be  observed  in  it  from  the 
first  speckled  appearance  in  polarized  light  up  to  a  point  where 
flakelets  of  white  mica  are  recognized  as  forming  in  it,  lying 
'^  criss-cross  "  in  all  directions.  It  passes  in  this  way  in  some  cases 
tlmost  wholly  into  mica,  with  apparently  other  substances  which 
cannot  be  identified  with  certainty,  the  transition,  and  connection 
with  the  original  substance,  being  all  the  time  distinct  and  beyond 
mistake. 

In  the  inner  zones,  the  "  hornfels-zones,"  this  substance  is  usually 
present  in  smaller  amount,  as  already  stated ;  but  examples  of  its 
abundant  occurrence  are  not  wanting,  as  for  instance  in  a  homfels 
from  Spitzenberg,  in  the  Harz.  There  is  a  mosaic  of  quartz  and 
felspar,  with  brown  mica  and  some  white  mica.  The  yellow 
substance  lies  in  amongst,  and  surrounds,  the  minerals  of  this  mosaic. 
It  has  no  definite  form  of  its  own,  simply  occupying  spaces  and 
taking  the  outlines  of  the  other  minerals.  It  is  all  either  in  the 
minutely-speckly  stage  or  variously  developed  from  this  upwards  to 
mica ;  and  the  impression  made  is  that  if  it  had  all  developed  as  far 
as  some  portions  of  it  have  done,  the  whole  mosaic-grains  of  the 
slides  would  be  mixed  in  with  and  surrounded  by  white  mica,  as  may 
not  infrequently  be  observed  in  these  contact- rocks. 

Before  discussing  the  probable  nature  of  the  substance  above 
described,  I  will  recur  to  the  spots  in  the  contact-slates  at  Shap. 
These  spots  are  all  marked  off  sharply  by  being  relatively  free  from 
biotite  in  a  rock  which  is  very  rich  in  that  mineral,  so  that  they 
appear  by  comparison  in  ordinary  light  as  clear  spaces,  varying  from 
almost  colourless  to  a  good  deep  yellow  in  some  cases.  The  aggre- 
gations in  them  of  anatase,  ilmenite,  etc.,  have  been  formerly 
described  by  Harker  and  Marr  and  myself  (Quart.  Joum.  Geol.  Soc. 
vol.  xlvii.  1891  ;  and  Geol.  Mao.  October,  1891). 

Examination  in  polarized  light  shows  them  to  be  of  several  kinds, 
and  when  a  sufficient  number  of  specimens  are  examined  it  does  not 
appear  possible  to  point  out  any  special  development  in  their  nature 
as  taking  place  steadily  as  we  approach  the  granite.  Indeed,  it  may 
be  remarked  of  the  contact  phenomena  in  general  that  they  are 
nomewhat  erratic  as  we  approach  the  contact  up  Wasdale  Beck, 
which  may  probably  be  due  to  irregular  contour  of  the  granite  below 
the  surface. 

Barker  and  Marr  look  on  these  spots  as  being  "evidently  im- 
perfect crystals,  charged  with  a  large  quantity  of  forei^^n  inclusions," 
pointing  out  that  some  of  the  spots  are  sufficiently  individualized  to 
extinguish,  as  to  their  main  constituent,  pretty  uniformly  over  the 
whole  area  and  frequently  ])arallel  to  the  longer  axis.  They  think 
the  mineral  present  is  likely  to  be  andalusite,  and  I  was  formerly 
of  the  same  opinion,  but  after  renewed  examination  of  the  slides  I 
am  no  longer  so.  Further  study  of  the  spots  of  this  nature,  and 
careful  comparison  of  them  with  some  continental  occurrences, 
show  that    cordierite  is  the  mineral  in  question.      It  is  tolerably 

DECADS    IV. — VOL.   I. — KG.   II.  5 


66  JF.  JUT.  ITuichinga — Ciaya,  Slates,  and  Coniaci*Meiamw\ 

abundant  in  some  parts  of  the  Shap  contact  near  to  the  ^ 
outcrop.  Some  slides  from  these  parts  are  very  closely  pan 
by  examples  from  the  Elbe  Valley  contacts  described  by  R. 
{op,  cii.),  who  says  of  some  of  them,  "  Cordierite  represents  th< 
of  the  Knotenglimmerschiefer,  which  do  not  otherwise  fon 
definite  mineral."  The  cordierite  of  the  Shap  rocks  is  not  i 
way  distinguinhable  from  that  of  some  of  the  rocks  from  the  c 
described  by  Beck,  sections  of  which  I  have  examined,  an 
closely  resembles  the  occurrences  in  rocks  from  the  Lansitz  c 
of  Saxony.  This,  then,  is  another  case  in  point  where  a  d 
mineral  is  formed  in  a  rock  wherein  the  real  "  spots  "  have  r 
wholly  died  out,  though  less  abundant  than  in  the  outer 
There  is  nothing  really  to  lend  weight  to  the  idea  that  any  ol 
spots  consist  of  andalusite,  and  this  mineral  is  not  detected  i 
of  the  altered  sedimentary  rocks  at  Shap. 

Other  spots,  as  previously  stated,  consist  almost  wholly  of 
mica,  newly  formed  and  full  of  quartz-grains  and  other  thi 
the  usual  manner  of  this  newly-formed  contact-mica. 

With  these,  and  still  more  as  we  recede  from  the  granite  oi 
are  the  true  "  spots,"  more  or  less  closely  resembling  those 
describeil,  containing  the  substance  in  question  in  all  ita  stage 
amorphous,  througli  minutely  cryptocrystalline  up  to  a  d 
micaceous  development.  And  the  t^ame  substance  occurs  in 
slides  outside  the  spots,  or  where  these  are  quite  absent,  ly 
among  the  mosaic  minerals  or  surrounding  them  in  the 
characteristic  manner. 

It  remains  to  consider  what  may  possibly  be  the  natnre 
substance  seen  so  abundantly   in  the  contact-slates   from   ' 
separateil  localities,  and  what  arc  likely  to  be  the  processes  to 
it,  and  some  of  the  other  phenomena  observed,  owe  their  origii 

The  first  thing  to  remark  is  that  the  substance  in  question, 
ever  may  be  its  exact  nature,  is  certainly  quite  a  new  formatu 
does  not  correspond  to  anything  that  can  ever  be  ol^r 
normal  slates  or  shales,  and  we  see  that  when  it  first'^'ma] 
appearance  in  Uie  slates,  at  the  outer  parts  of  contact-zonet 
mainly  limited  to  '*siK)ts"  and  is  in  some  way  correlated 
**  aggregations  of  dark  grains  " ;  also  that  these  dark  grains  ai 
frequently  to  a  large  extent  small  plates  of  ilmenite,  or  orye 
anataso^  or  re-formed  crystals  of  rutile,  all  of  which  either  c 
exist  in  the  normal  slate,  or  existed  in  a  different  form  ai 
aggregated.  If  we  consider  how  these  aggregations  of  rec 
lized  minerals  were  caused,  we  cannot  very  well  conceive  < 
process  by  which  they  migrated,  recrystal lized,  and  aggi 
together  as  snch.  Thus,  taking  the  simplest  case,  that  of  rut 
wliich  a  mineral  has  simply  increased  in  size  and  aggregate 
not  a  case  in  which  its  material  has  reappeared  in  a  new  f( 
rutile  change<l  to  anatase,  or  combineil  with  iron-oxide  as  ill 
— we  cannot  assume  that  for  each  one  of  the  larger  and  more 
crystals  seen,  several  of  the  minute  **  clay -slate  needles' 
travelled  in  the  rook  and  simply  oombined  to  make  one 
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indiyidual.  If  this  could  take  place  at  all  it  would  only  be  con- 
oeivable  at  a  temperature  which  rendered  the  rock  plastic,  and  even 
supposing  this  condition  may  be  attained  close  to  contact  we  have 
every  evidence  that  nothing  at  all  approaching  to  it  occurs  at  the 
outer  zones.  We  seem  to  have  only  the  one  explanation  which 
harmonises  vnth  all  we  can  observe,  that  this  aggi-egation  of  the 
minerals  in  question  is  dae  to  solution  and  recrystallization.  We 
know  that  no  mineral  is  absolutely  insoluble,  even  in  distilled  water, 
under  ordinary  conditions.  Rutile,  e.g.,  has  been  used  by  Doelter  as 
an  example  of  this  fact  in  his  experiments.  We  know  that  increase 
of  temperature  and  pressure,  even  in  the  moderate  range  we  can 
command  experimentally,  enormously  increase  the  solvent  action  of 
water,  and  that  in  saline  solutions  still  greater  effects  can  be 
produced. 

For  the  observed  phenomena  of  contact  action  it  seems  natural  to 
conclude,  and  probably  most  people  do  conclude,  that  they  can  be, 
and  have  been  caused  by  processes  analogous  to  those  in  our  sealed 
tubes  and  digesters.  If  with  the  comparatively  moderate  allowances 
of  pressure,  temperature  and  time  granted  to  us,  we  can  in  such 
apparatus  bring  about  the  striking  results  recorded  by  experimenters 
in  this  direction,  what  may  we  not  suppose  to  take  place  in  the 
enormous  sealed  tube  which  is  represented  by  deeply-bedded  masses 
of  rocks,  highly  heated  for  long  periods  under  intense  pressure, 
with  water  and  solutions  which  cannot  escape. 

It  may  be  assumed  that  under  such  conditions  solutions  of  mineral 
constituents  would  be  formed  of  great  density,  amounting  to  some- 
thing like  an  "  aqueous  fusion  **  of  the  substances  involved,  and  that 
these  solutions  could  solidify  to  amorphous  and  more  or  less  indefiTiite 
compounds,  or  would  be  capable,  under  some  conditions  of  cooling, 
of  giving  rise  to  definite  minerals. 

It  seems  a  not  unreasonable  supposition  that  the  new  substance 
seen  in  so  many  contact-rocks  has  been  formed  in  this  way,  and  that 
what  we  see  of  it  represents  various  stages  of  its  developments  and 
of  its  residues;  also  that  the  solution  supposed  would  have  a  most 
important  part  in  the  transformations  of  the  minerals  not  originally 
taken  up  into  it. 

It  would  naturally  be  formed  in  greatest  amount  nearest  the 
intruding  granite,  where  temperature  would  be  highest  and  the  heat 
longest  continued.  There,  also,  the  conditions  of  subsequent  cooling 
would  usually  involve  greater  length  of  time  and  greater  opportunity 
for  recrystallization,  so  that  in  moat  cases  we  should  have  here 
least  of  any  indefinite  residue,  or  might  often  have  no  such  residue 
at  all  left  over  for  our  observation.  In  the  outer  zones  of  the 
contacts  we  should  have  less  of  the  dense  solutioUvS,  either  formed  or, 
more  likely,  penetrating  from  the  more  intensely  affected  zones  where 
they  were  abundant ;  but  as  such  outer  portions  Would  soonest 
commence  to  cool  again,  and  cool  most  rapidly,  we  should  here  have 
a  larger  proportion  of  the  residues  of  these  solutions  left  in  an 
undeveloped,  or  slightly  developed,  condition. 
Comparatively   small   portions  of  such  solutions  reaching  these 
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outer  regions  would  tend  to  draw  together,  as  little  spoti 
patches,  among  the  ingredients  of  the  otherwise  not  much  ai 
rock,  and  wouUl  consolidate  in  this  form. 

As  in  contact-regions  generally  there  can  frequently  be  obi 
anomalous  phenomena,  such  as  strata,  or  portions  of  strata, 
have  been  much  less  or  much  more  affected  than  others  cl 
them,  without  our  being  ahle  to  explain  the  fact^  so  we 
anomalies  in  the  behaviour  of  these  supi)osed  dense  solutions,  f\ 
inner  zone  may  sometimes  show  a  large  amount  of  the  less  devi 
residual  matter,  as  in  the  case  of  the  hornfels  mentioned  abovi 
Spitzcnberg,  and  other  cases  of  which  1  have  specimens.  A  n 
good  example  occurs  in  one  of  a  series  of  rocks  from  the  Elbe  ^ 
in  which  the  large  amount  of  the  substance  present  surrounc 
envelops  the  minerals  in  such  a  manner  that  a  glance  at  a  e 
is  enough  to  convince  the  observer  that  it  was  present  as  f 
medium  when  these  minerals  crystallized. 

If  we  look  at  all  the  changes  which  have  taken  place  in  ( 
developed  contact  rock,  like  that  at  Shap  for  instance,  it 
absolutely  necessary,  in  order  to  explain  what  we  see,  to  assun 
almost  all  the  original  ingredients  have  been  taken  up  into 
sort  of  solution  and  com])letely  newly  formed  out  of  it.  It 
necessary  to  assume  that  they  were  at  any  one  time  all  in  sc 
at  once,  or  even  a  very  large  portion  of  them. 

A  solution,  or  solutions,  would  be  formed  of  those  ingredie 
the  rock  which  were  most  readily  acted  ujwn  by  the  impr 
liquids,  and  the  perhaps  only  relatively  small  amount  of  sc 
BO  formed  would  act  as  a  medium  for  the  slow  solutioi 
recrystallization  of  minerals,  just  as  relatively  small  amoui 
certain  solutions  and  fluxes  have  been  made  to  act  in  re 
experiments.  The  composition  of  the  first  solution  would  i 
always  the  same.  It  would  vary  with  the  varying  composit 
the  slates,  etc.,  acted  upon,  but  probably  not  in  very  wide  limits, 
qualitative  composition  of  most  slates  is  strikingly  uniform, 
variation  might,  however,  be  expected  to  be  sufficient  to  ini 
the  products  which  would  result  from  the  crystalline  develo 
of  the  solutions.  According  to  my  observations  the  moat 
development  gives  rise  to  mica  in  greatest  quantity,  but  i 
and  quartz  also  result  in  some  cases. 

Let  us,  finally,  glance  at  the  principal  mineral  changes  whi 

know  to  take  place  in  contact-metamorphism,  and   see   wha 

'elusions  we  seem  justified  in  drawing  as  to  how  they  have 

about,  and  how  these  harmonise  with  the  ideas  above  suggestc 

(I)  Mutile, — By  universal  testimony  we  find  that  in  all  a 
areas  of  slates,  etc.  (whether  the  intrusive  rock  is  granite  or  a 
])asic  rock)  one  of  the  most  unfailing,  as  well  as  most  senaiti 
dications  of  commencing  metamorphism  is  that  the  minute  "ola 
needles "  undergo  an  alteration  by  which  they  decrease  in  n 
and  increase  in  size,  at  the  same  time  that  they  become  blnn 
proportion  to  length  and  have  more  definite  pyramidal  termin 
This  occurs  so  far  from  the  intruding  rock  that  we  cannot  bi 
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my  but  very  moderate  thermal  or  other  effecfs,  due  to  its  intrusion,  to 
bave  acted ;  and  this  conclusion  is  borne  out  by  the  very  slight  effects, 
if  any,  which  can  be  seen  to  have  taken  place  in  other  particulars. 
The  sedimentary  rock  being  under  those  conditions  of  temperature 
md  pressure  due  to  its  depth  of  cover,  etc.,  the  intrusion  of  the 
igneous  rock  may  have  slightly  intensified  the  temperature  at  these 
points, — possibly  also  the  pressure,  for  a  time.  But  this  has  sufficed 
to  bring  about  the  alteration  of  the  rutiles. 

We  have  already  considered  the  question  as  to  "how  the  change  is 
brought  about,  and  simple  solution  of  the  rutile  appears  to  be  the 
oecessary  process.  The  intrusion  of  igneous  rock  appears  to  have 
given  rise  to  this,  and  as  other  effects  are  absent  or  so  slight,  we 
Deed  not  assume  anything  more  than  water,  or  perhaps  a  weak 
alkaline  solution,  to  have  come  into  play.  The  manifold  forms  in 
which  the  dissolved  titanic  acid  may  recrystallize  have  been  pointed 
out.  and  we  may  now  add  brookite  as  a  further  extension  of  this 
list,  R.  Beck  having  observed  its  occurrence  in  the  rocks  of  the  Elbe 
Valley  contacts,  in  a  manner  exactly  similar  to  that  of  the  Anatase 
at  Shap.' 

(2)  DioUte, — Perhaps  the  next  mineral  change,  in  degree  of 
sensibility,  is  the  appearance  of  biotite  in  the  slates  undergoing 
contact-metamorphism,  which  is  also  a  matter  of  universal  obser- 
vation. It  takes  place  at  considerable  distances  from  the  contact, 
and  may  be  seen  already  far  advanced  before  the  formation  of 
regenerated  quartz-mosaic  and  other  minerals  is  demonstrable. 

A  large  number  of  slates,  etc.,  contain  a  good  deal  of  chlorite,  which 
was  deposited  in  them  at  a  period  subsequent  to  their  formation  as 
8uch,  by  simple  infiltration  processes.     This  chlorite  is  altered  into^ 
biotite. 

This  change,  like  the  one  last  considered,  also  cannot  be  explained 
by  direct  action  of  raised  temperature  or  pressure.  No  amount  of 
simple  "molecular  rearrangement"  of  chlorite  under  heat  or  pressure 
will  make  biotite  of  it.  A  portion  of  its  water  could  be  removed, 
as  is  required ;  but  it  has  also  to  take  up  potash,  and  here  again 
we  must  look  to  solutions,  which  in  this  case  must  contain  some 
alkaline  salt. 

There  are,  again,  many  slates,  shales,  etc.,  which  are  wholly  or 
almost  free  from  chlorite,  but  which  contain  a  sufficient  amount  of 
magnesia  to  correspond  to  a  good  deal  of  biotite,  this  magnesia 
apj>earing  to  have  entered  into  combination  in  the  new  micaceous 
minerals  existing  in  the  slate,  etc.  Under  contact-action  biotite  may 
be.  and  is,  developed  in  such  slates,  and  this  could  take  place  by 
easily  conceivable  molecular  rearranji;ement8. 

Whether  it  be  possible  for  flakes  of  chlorite,  lying  in  among  flakes 

*  Even  this  list  of  changes  does  not  eih.iust  the  number  of  transformations  the 
tit'tnic  acid  may  undergo.  At  later  stages  of  the  metamorphisra  it  app^-ars  that  p;trt 
ot  it  can  be  taken  up  into  the  newly- formed  contact-biutite,  thus  ending  up  where  it 
bejfan, — combined  in  dark  mica.  Such  coiitact-biotito  has  been  shown,  by  I-^ng  and 
Jannasch.  to  contain  as  much  as  3.40  per  cent,  of  titanic  acid,  and  Beck  records 
{op.  cit.)  cases  of  decayed  contact- biotite  in  which  rutile  has  once  more  been 
separated  out. 
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of  rausoovite,  to  be  oonverted  into  biotite  by  direct  oombini 
with  those  minerals  we  cannot  say.  Probably  some  geologists ' 
not  doubt  the  power  of  intense  pressure  to  bring  this  about 
may  question  whether  pressure  alone  could  do  this,  or  anythin 
it,  but  when  high  temperature  and  water  are  also  considered,  ( 
at  the  same  time,  we  must  at  least  look  on  this  method  of  foro 
as  not  outside  the  limits  of  consideration. 

(3)  Newly -formed  quartz  and  felspar. — We  cannot  well  co 
the  occurrence  of  these  *'  regenerated  "  minerals  separately,  h 
though  they  may  not  occur  together,  yet  when  they  do  so 
their  mo<les  of  formation  appear  to  be  intimately  connected. 

The  quartz  is  the  more  frequent,  and,  even  when  felspar  occ 
the  more  **  sensitive,"  occuring  at  earlier  stages  and  being  often  I 
developed  before  any  felspar  is  seen. 

It  seems  obvious  that  the  quartz-grain  of  the  "contact-m< 
bears  no  direct  relationship  to  the  clastic  grain  of  the  oi 
slates,  etc.  The  latter,  with  its  more  or  less  angular  outlin 
fluid-cavities,  and  its  practical  freedom  from  enclosures,  hf 
appeared,  and  in  its  place  we  have  the  round,  or  in  the  best-dev< 
mosaics  the  polygonal,  grain,  free  from  fluid  cavities,  and  cent; 
usually  numerous  microlites,  biotite  crystals  and  grains,  and 
enclosures,  these  grains  of  quartz  fitting  to  one  another  and 
other  constituents  of  the  mosaic  quite  closely  and  exactly. 

It  is  here  still  less  possible  to  see  how  this  change  can  be 
any  simple  re-formation  of  each  individual  grain  of  quartz,— 
mere    recrystallization  in  situ.     Neither  is   it  due  to   any  i 
addition    to    its    outer   portions    of    any   freshly-deposited 
Looking  at  these  mosaics  carefully,  it  does  not  seem  easy  to 
to  any  other  conclusion  than  that  the  quartz  in  them,  as  a  ^ 
has   recrystallize<l  out  of  some   sort  of   solution   in   which 
ibrming  or  already  formed,  the  microlites  and  other  bodies 
are  now  enclosed  within  the  quartz  grains. 

Many  fine-grained  slates  do  not  contain  any  distinguishable 
of  quartz  at  all,  and  in  these,  as  also  in  slates  where  such  grai 
plentiful,  there  is  a  good  deal  of  exceedingly  finely-divided 
or  other  forms  of  free  silica.     It  is  equally  difficult  to  see  ho 
could  be  formed  up  into  the  larger  grains  of  the  mosaic,  and  ol 
with  enclosures,  without  a  previous  re-solution  and  recrystalli: 

Taking  now  the  felspar,  where  such  occurs,  all  the  sami 
siderations  apply.  Tlie  grains  in  the  mosaic  have  the  same  c 
teristics  as  regards  general  outlines,  enclosures,  etc.,  and  it  ii 
that  the  quartz  and  felspar  were  crystallized  together,  though  tl 
a  distinctly  greater  tendency  in  the  felspar  to  develop  idiom 
forms.* 

^  It  should  be  noted  that  the  "tesselnted  '*  or  <*  mosaic  '*  Btmcture  is  by  n< 
peculiar  to  the  alteration  of  st^'unvntary  nicks.  At  Shap,  for  instance,  it 
iHiautifuUy  developed  in  some  of  the  altered  rhyoiitic  and  andesitic  ashei 
contact-zone;  sometimes  it  is  quartz  alone,  sometimes  quartz  and  felspar,  an 
times  febnar  alone  which  forms  these  mosaics. 

A  tesselated  structure  has  been  looked  upon  by  some  observers  as  quite  sp 
result  of  dynamie  metamorphlBm,  but  thii  idea  can,  of  course,  no  long;er  o 
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It  is  to  be  noted  tbat  during  the  stage  of  metamorphism  wbioh 
develops  the  mosaio  of  quartz,  or  quartz  and  felspar,  the  biotite 
formed  at  an  earlier,  less  intense,  stage  undergoes  further  alteration. 
It  may  be  seen  (as  at  Shap)  that  the  earlier  biotite  is  more  ragged 
and  indefinite  in  form,  is  less  diohroio  and  less  bi-refractive  than  that 
which  exists  in  the  mosaics  nearer  oontaot  Whether  it  is  redissolved 
and  recrystallized  in  part  it  does  not  seem  possible  to  decide ;  but 
the  biotite  which  is  enclosed  in  the  quartz  and  felspar  is  of  much 
mterest,  and  may  give  us  some  indications  as  to  the  degree  of 
temperature  which  prevailed  during  the  processes.  In  addition  to 
small  flakes  and  more  or  less  definite  crystals,  we  see  numerous 
oval  grains  and  little  baUs  of  biotite,  whose  forms  seem  to  indicate 
that  they  were  quite  plastic  at  the  time  of  inclosion,  and  we  may 
well  assume  that  in  these  zones  there  was  a  condition  of  aqueous 
fusion  of  sufficient  intensity  to  melt,  or  soften,  portions  of  the  biotite. 

The  interesting  question  arises  as  to  the  mode  of  origin  of  this 
new  felspar :  What  is  it  made  from  ? 

It  may,  I  consider,  be  stated  as  a  fact  that  new  felspar  does  not 
exist  in  i^ny  normal  slates,  no  matter  how  highly  developed  they 
are.  I  have  given  much  time  and  patience  in  studying  this  special 
point,  and  have  convinced  myself  that  no  regeneration  of  felspar 
takes  place.  In  the  Cornish  slates  no  trace  of  felspar  of  any  kind 
i8  seen,  though  these  are  so  very  highly  developed.  Renard  records 
the  same  absence  of  it  in  the  very  similar  Ardennes  rocks. 

In  Welsh  slates  a  few  grains  are  sometimes  seen  of  clastic  felspar 
more  or  less  altered,  and  this  is  seen  in  other  slates  also,  but  such 
grains  are  rare  and  unevenly  disseminated.  At  Shap,  as  before 
stated,  no  trace  of  it  is  seen  in  the  less  altered  slates,  though  it  is 
80  abundant  in  the  well  developed  mosaics.  We  have,  therefore, 
io  most  cases  not  to  deal  with  a  recrystallization  of  an  already 
existing  mineral,  but  with  the  formation  of  ibis  mineral  from  other 
materials.  The  average  and  normal  slate  is  composed  of  the 
materials  which  make  up  the  clays  with  which  I  dealt  in  the  first 
part  of  this  paper.  The  simplest  explanation,  and  indeed  perhaps 
the  only  one  open  to  us  on  the  evidence  in  our  possession,  is  that  the 
materials  of  the  mica  and  the  quartz  of  the  slates  combine,  under 
the  conditions  we  are  supposing,  to  form  felspar.  In  its  decay 
felspar  yields  mica  and  free  silica,  and  it  is  perfectly  simple  and 
easy  to  comprehend  how,  under  the  conditions  of  temperature 
pressure,  etc.,  we  are  supposing,  with  the  intervention  of  such  a 
dense  mineral  solution  as  I  have  shown  cause  for  believing  to  exist, 
the  reverse  process  may  take  place,  and  we  may  have  a  2)artiul 

tained.  It  may  be  well  seen  in  igneous  rocks.  Thus,  General  McMahon  shows  it 
to  occur  in  the  marginal  portions  of  Dartmoor  granite  (Q.J.G.S.  vol.  49,  p.  388), 
and  has  previously  shown  its  occurrence  in  granite  of  the  Himalayas  It  is  also,  as 
\b  well  known,  seen  perfectly  developed  in  the  groundmass  of  some  quartz-porphyries, 
not  to  be  distinguished,  as  to  its  structure  and  general  appearance,  or  in  anything 
except  its  inclusions,  from  some  of  the  finer-grained  mosaics  of  altered  slates.  In 
C4iniiidering  this  structure  in  the  contact-metamorphism  of  slates  it  is  a  point  of  some 
importance  that  exactly  similar  structures  can  be  seen  to  result  during  the  con- 
lolidafcion  of  purely  igneous  magmas. 
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re-formation  of  the  felspar  which   originally  formed  part  of  the 
deposits  of  the  slates,  but  which  no  longer  existed  in  them  as  such. 

(4)  White  mica. — In  some,  probably  in  most,  coutaot-areas  a  good 
deal  of  white  mica  is  newly-formed.  It  may  not  be  always  easy  to 
trace  the  exact  sttiges  of  the  process.  The  original  slates  are  nsually 
rich  in  white  mica  to  begin  with,  and  the  recrystallization  of  the 
mineral  in  the  earlier  stages  of  contact- metamorphism  is  not  readily 
dintinguishable.  But  in  the  more  advanced  stages  we  see  it  more 
plainly,  and  find  a  good  deal  of  mica  which  from  its  general  appear- 
ance and  relationship  to  the  other  minerals  is  clearly  re-formed,  this 
being  also  demonstrated  frequently,  as  to  larger  individuals,  by  their 
being  more  or  less  charged  with  quartz- grains,  eta,  in  the  same 
manner  as  are  the  biotite- flakes  and  crystals,  and  the  other  newly- 
formed  minerals. 

In  addition  to  this  mica  which  appears  plainly  to  have  re- 
crystallized  in  a  manner  exactly  similar  to  that  of  the  quartz  and 
felspar,  we  often  see  also  the  mica  of  which  I  have  spoken  as 
appearing  by  various  stages  in  the  newly-formed  substance  to  which 
so  much  reference  has  been  made,  and  which  in  the  fullest  form  of 
its  development  will  remain  as  patches  among  the  mosaic,  or  as 
fringes  round  its  component  minerals,  and  may  not  in  all  specimens 
be  visibly  connected  with  any  residual  portions  of  the  aubstanoe 
out  of  which  it  originated. 

(5)  Cordierite,  Andalusiie,  Cyanite^  Sillimanite, — These  are  the 
minerals  we  may  perhaps  designate  as  more  specially  "contact- 
minerals,"  and  we  may  safely  say  of  them  that  the  conditions  of 
their  formation,  and  why  sometimes  one  is  formed  and  sometimes 
another,  are  the  points  as  to  which  we  probably  know  least  of  alL 

As  regards  cordierite,  it  appears  to  stand  in  a  somewhat  different 
position  from  the  rest  It  is  not  a  silicate  of  alumina  only,  and  its 
iormation  appears  to  take  place  often  at  a  much  earlier  sta^  of  the 
metamorphism.  It  is  also  a  much  less  stable  mineral  than  the 
others. 

Looking  at  the  composition  of  cordierite  and   the  mode  of  its 

occurrence  in  these  contact- rocks,  the  most  reasonable  supposition 

as  to  ita  origin  appears  to  be  that  when  the  recrystallizations  and 

rearrangements   of  the   minerals  commence,  the  cordierite,   when 

formed,  largely  represents  the  magnesia  which  is  combined  in  the 

mica  of  the  slates, — mica  which  we  call  sericite  and  which  we  have 

good  reasons  to  regard  as  muscovite  into  whose  composition  magnesia 

has  been  taken.     As  recrystallization  of  this  mica  takes  place,  it 

will  have  a  tendency  to  purify  itself,  and  to  approach  more  nearly 

to  the  normal  muscovite,  with  more  potash  and  less  of  other  bases; 

and  the  magnesia  will  be  available  for  the  formation,  more  usually 

of  biotite,  but  under  conditions  we  cannot  specify,  more  or  less  of 

cordierite  forms  also.' 

*  It  seems  desirable  to  point  oat  that  there  is  risk  of  sometimes  Gonfusing  cordieritt 
and  felspar  in  such  rocks,  where  the  cordierite  occurs  as  smaller  grains  and  is  not  a 
striking  constituent.  In  the  books  we  are  WHmed  against  mistaking  cordierite  and 
quartz ;  but  a  similar  warning  does  not  seem  to  be  given  as  regards  felspar.  At 
regatdi  quarts  the  risk  does  not  appear  to  be  great.     Where  there  are  sevezal  graini 
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Stanrolite  may  be  appropriately  nientioned  at  this  point.  It  is 
also  not  a  silicate  of  alumina  only,  and  from  its  chemical  composition 
may  be  reasonably  supposed  to  have  an  origin  of  somewhat  similar 
nature  to  that  of  oordierite. 

It  does  not  appear  to  occur  as  frequently  as  the  other  minerals 
now  being  considered ;  but  when  it  occurs  it  seems  to  form  in  the 
less  intense  stages  of  metamorphism,  as  for  instance  in  the  example 
studied  by  Mr.  Barrow,  to  which  reference  is  made  below. 

As  regards  the  other  minerals,  the  aluminous  silicates,  it  is  usually 
assumed  that  they  represent  the  **  kaoline "  of  the  slates,  etc,  and 
there  is  on  the  face  of  it  much  in  favour  of  this  view.  If  this  be  so 
we  should  expect  rocks  rich  in  alkali  in  proportion  to  alumina  to 
^ve  little  or  none  of  these  aluminous  silicates  during  metamorphism, 
ind  there  are  cases  where  this  is  borne  out,  as  at  Shap  for  instance. 
But  I  do  not  think  that  an  examination  of  the  analytical  evidence  in 
^neral  will  show  that  we  can  make  a  rule  of  this.  There  are 
Analyses  of  rocks  very  rich  in  andalusite,  for  instance,  which  show 
bigh  percentage  of  alkali ;  and  copious  development  of  andalusite 
and  felspar  may  take  place  together,  as  is  seen  in  some  of  the 
Andlau  rocks.  At  Shap  also,  we  have  altered  rhyolitic  ashes  in 
which  there  is  a  great  deal  of  newly-formed  felspar,  together  with 
andalusite,  and  an  unusually  large  development  of  sillimanite. 
Tlierefore  it  would  appear  as  if  the  formation  of  these  minerals  is  a 
more  complex  question  than  to  depend  simply  on  certain  ratios 
among  the  chemical  constituents  of  the  rocks  metamorphosed. 

For  the  rest,  looking  at  their  chemical  composition  and  their 
mode  of  appearance  in  our  sections,  their  relationships  to  other 
minerals,  etc.,  it  would  be  even  more  difficult  than  in  other  cases 
to  imagine  their  origination  in  any  other  way  than  by  a  diasolving- 
np  and  complete  re-combination  of  the  original  materials  of  the 
slates,  etc. 

Concerning  the  conditions  determining  wliich  of  the  aluminous 

minerals  shall  be  formed,  we  have  as  yet  very  little  to  guide  us ; 

but  in   a  paper   of  exceptional   interest,    recently  read  before  the 

Greological    Society,   Mr.    Barrow  produces  evidence   to   show  that 

probably    diflference   of    temperature   is    the    principal    controlling 

element.     In  his  work  on  a  con  tact- region  in  Scotland,  Mr.  Barrow 

has  observed  that  sillimanite,  cyanite,  and  staurolite  occur  in   the 

order  named  as  we  recede  from  the  actual  contact,  and  he  suggests 

that   the    occurrence   of   each    mineral    coincides    with    a   zone   of 

temperature.     lie  correlates  this  observation  with  the  experimental 

of  cordierite  in  a  slide  it  will  nearly  always  be  possible  to  prove  that  we  have  a  hiaxal 
mineral  belore  us,  and  therefore  not  quartz.  But  in  a  thin  section  it  may  ()ft4>n 
happen  that  we  cannot  say  whether  the  biaxal  grain  is  cordierite  or  felspar,  simply 
by  its  optic  examination.  Felspar  grains,  without  any  cleavages  or  definite  forms, 
occur  in  these  rocks.  The  refraction  and  bi  refraction  are  not  sufficiently  different  to 
serve  as  g^uide«  when  cut  thin,  and  in  many  of  the  best  occurrences  of  cordierite  in 
contact- slates  the  dichroism  of  the  mineral,  and  the  "  halos  "  round  its  enclosun-s, 
ire  not  discernible  at  all  in  most  grains.  Enclosures,  etc.,  may  aid  in  discrimination, 
ind  usually  do  so ;  but  I  have  satisfied  myself  that  the  detcrniinatiou  is  often  a 
lifficult  one,  and  think  that  there  is  considerable  chance  of  cordierite  being  over- 
ooked  in  some  cases  in  consequence. 
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work  of  Yemadsky,  in  which  it  was  ehown  that  when  oyanite  is 
heated  to  1300°— 1400°  C.  it  is  altered  to  sillimanite. 

Mr.  Barrow  has  made  it  appear  very  probable  that  in  the  hotter 
zones  of  contact  sillimanite  will  be  formed,  that  oyanite  will  take  its 
place  when  a  certain  limit  of  lower  temperature  is  reached,  and 
staurolite  will  occur  in  the  still  cooler  outer  zone.  No  duubt  these 
observations  of  Mr.  Barrow  in  this  particular  district  will  cause  the 
point  to  be  carefully  studied  elsewhere. 

Mr.  Barrow  further  infers  from  Vemadsky's  experiment  that  we 
may  conclude  that  in  the  **  sillimanite  zone  "  of  contact-rooks  there 
has  been  a  temperature  of  1300° — 1400°  C.  or  over.  This  seems 
rather  straining  the  matter;  and  certainly  attempts  in  the  past  to 
draw  conclusions  as  to  rock-temperatures  from  experiments  on 
minerals  in  the  laboratory  have  not  been  so  happy  in  their  results 
as  to  encourage  repetition*  however  tempting  a  system  of  '*  recording 
pyrometers"  in  tbe  rocks  may  appear.  It  does  not  seem  in  the 
least  necessarily  to  follow  from  Vernadsky's  experiment,  either  that 
the  sillimanite  in  the  rocks  was  produced  from  oyanite,  or  that  the 
formation  of  sillimanite  instead  o/ oyanite  in  the  hotter  zones  indicates 
that  the  temperature  was  1300° — 1400°C.  or  that  there  need  be  any 
definite  relationship  whatever  between  the  temperature  at  which  it 
forms  in  these  rocks  and  that  at  which  it  may  be  produced,  from 
another  mineral,  in  a  laboratory-furnace. 

If  contact-metamorphism  be  due  entirely  to  the  thermal  effects  of 
the  intrusive  rock,  as  now  seems  usually  to  be  believed,  we  should 
expect  to  see  these  effects  always  the  same,  in  kind,  on  the  same 
variety  of  rocks  undergoing  metamorphism,  and  the  alterations  due 
to  a  dolerite  should  not  differ  from  those  due  to  a  granite.  In  the 
main  this  se^ms  to  be  borne  out,  but  there  are  some  important 
points  which  still  call  for  a  good  deal  of  attention. 

I  may  state  that  so  far  as  my  own  observations  go,  in  which  I  am 
still  engaged,  there  is,  for  instance,  a  formation  of  the  same  sub- 
stance, due  to  the  same  causes,  as  I  have  described  above ;  but  it  is 
present  in  less  amount,  and  a  larger  proportion  of  it  remains  in  the 
amorphous,  or  slightly  developed,  state.  Also  there  is  much  less 
formation  of  **  mosaics "  and  these  again  much  less  developed. 
These  facts  can  be  easily  understood  by  having  regard  to  the 
relative  small ness  of  the  masses  of  igneous  rock  acting  in  the 
observed  occurrences,  and  the  consequent  less  time  during  which 
recrystallization  would  be  able  to  go  on. 

It  does  not  appear  that  isotropic  substance  is  much  mentioned 
by  observers  of  altered  slates,  etc.,  at  ^ram/e-contacts ;  but  it  is 
frequently  spoken  of  where  the  intrusive  rock  has  been  **  diabase." 

The  most  striking  difference,  however,  between  acid  and  basic 
contacts,  so  to  speak,  lies  in  the  fact  so  often  recorded,  and  backed 
up  by  so  much  evidence,  microscopic  and  chemical,  that  there  is  a 
transfer  of  material  from  the  intruding  basic  rock  to  the  slates,  etc. ; 
a  transfer  which  is  large  in  proportion  to  the  relatively  small  masses 
of  igneous  rock  concerned  in  it.  It  is  shown  by  the  increase  of 
soda  in  the  altered  rocks,  chemically  considered,  this  increase  being 
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Bgitin  represented  mineralogioally  by  the  formation  of  &lbite  and 
probably  other  eoda-bearing  feUpars. 

The  transfer  has  been  disputed  by  some  abBerven,  but  the  eviilenoe 
is  too  strong  to  be  denied,  even  if  it  may  be  proved  that  there  are 
exceptions.  It  has  also  been  suggested  that  the  transfer  has  not 
taken  plaoe  at  the  time  of  intrusion, — that  it  is  not  a  contact- 
phenomenon  at  all, —  but  is  due  to  later  processes  connected  with 
the  decay  of  the  igneous  rook.  This  is  a  point  still  calling  for 
investigation. 

I  hope  later  nn  to  deal  with  tlie  subject  of  these  basic  contacts,  as 
I  am  at  present  engnged  in  examining  a  large  series  of  eucb  rocks. 

All  that  I  need  here  remark  is  that  I  have  fully  satisfied  myself 
of  the  transfer  of  soda,  and  of  the  presenoe  in  some  oases  of  large 
amnunts  of  isotropic  material  due  to  contact-action. 


IV. — NOTK     ON    &    ToDTH    OF    OxTRBtSA   TROM    TBI    BkD    CbAO    OT 

Suffolk. 
Bj  Arthdk  Shith  Woodvabd,  F.L.9.,  F.0.8. 

ALL  the  Selachian  teeth  hitherto  obtained  from  the  English 
Crags  referable  to  the  genus  Oxyrhina  are  much  compressed 
sntero-post«riorly,  and  are  thus  slender  in  proportion  to  their  size. 
They  are  now  commonly  regarded  as  representing  a  single  extinct 
species,  Oxyrhina  hatlalis  of  Agassis,'  and  the  same  form  of  dentition 


Tootb  of  Oxytkina  craiia,  Ag.,  natural  siie.  from  the  eiternal  (A)  and  lateral 

(B)  aapecta;    Ked  Crag,  Hemlpy  Hall,  near  Woodbridge,  3u2olk. 

[Collection  of  T.  W.  Reader,  Esq.,  F.G.S.] 

is  abundant  in  the  Pliocene  of  Italy,  besides  occurring  in  other  Tertiary 
tieposits  in  Tarious  parts  of  the  world.  In  Italy  and  Belgium,  how- 
ever, these  comparatively  slender  teeth  are  accompanied  by  a  few 
'  Smith  Woodward,  "Catal.  Foss,  Fishes,  B.  M„"  pt.  i,  p.  3aS  ;  E.  T.  Newton, 
"Terteb.  Pliocene  Dep.  Britain"  (Uem.  Geol.  Surr.  1H91), p.  106,  pi.  ii.  tig.  ii. 
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others  of  the  same  genus  of  very  robust  proportions ;  and  some  of 
these  have  received  the  names  of  O.  Benedenxy^  0,  gibbosisMma,  and 
0.  Foreatii,^  while  others  have  been  identified  with  O.  erassa  and 
0.  quadrans.*  So  far  as  the  present  writer  can  judge,  none  of  these 
robust  teeth  are  capable  of  being  satisfactorily  distinguished  from 
the  species  0.  craasa  of  Agassiz,  originally  described  from  the 
Miocene  of  the  Rhine  Valley ;  ^  and  it  is  under  the  last-mentioned 
name  that  they  are  recorded  in  the  British  Museum  Catalogue. 

It  is  now  of  interest  to  announce  that  the  same  form  of  robust 
tooth  has  lately  been  obtained  from  the  English  Pliocene.  The 
specimen  was  discovered  by  Mr.  T.  W.  Reader,  F.G.S.,  in  the  Red 
Crag  of  Hemley  Hall,  near  Wood  bridge,  and  it  is  shown  of  the 
natural  size  from  the  external  and  lateral  stspeots  in  the  aocompany- 
ing  figures.  As  indicated  by  its  shape,  the  tooth  must  have  occupied 
a  postero-lateral  position  in  the  mouth,  probably  in  the  upper  jaw; 
and  a  specimen  most  closely  approaching  it  is  described  by  Lawley 
from  the  Pliocene  of  Italy  under  the  name  of  Oxyrhina  quadrana^ 

In  general  aspect,  of  course,  the  new  fossil  is  at  first  sight 
suggestive  of  a  tooth  of  the  so-called  Otodtis  obliquus,  wanting  the 
lateral  denticles.  The  specimen,  however,  is  quite  unabraded  and  has 
not  the  appearance  of  a  derived  fossil ;  while  it  is  certain  that  the 
absence  of  denticles  is  not  the  result  of  fracture.  It  may  be  that 
some  such  robust  teeth  are  abnormal  examples  from  the  dentition  of 
Otodus  obliquHs ;  but,  in  default  of  all  proof  of  this  possibility,  it 
seems  advisable  to  retain  the  nomenclature  here  adopted. 

V. — An  Anoient  Glacial  Shorb. 
By  T.  Mellard  Rbadb,  C.E.,  F.O.8.,  F.R.I.B.A. 

IN  a  cutting  of  the  Seacombe  Branch  of  the  Wirral  Railway  at  the 
present  moment  is  to  be  seen  a  deposit  which  cannot  be  other 
than  a  glacial  shore.^  It  is  about  18  inches  thick,  covered  by  a 
bed  of  Boulder-clay  some  8  feet  thick,  and  has  been  exposed  by 
the  cutting  for  a  distance  of  16  chains  running  south-east  and 
north-west,  to  the  south-east  of  the  point  of  intersection  of  the 
Railway  with  Poulton  Road.  The  rise  is  16  feet  in  this  distance 
at  a  regular  up-grade  towards  Poulton  Road,  and  the  average  level 
about  60  feet  above  O.D.  Transversely  to  the  Railway  it  is  about 
level,  and  over  the  whole  of  the  area— 1056  feet  by  30  feet=:3520 
superficial  yards — the  deposit  occurred  and  was  excavated  by  the 
steam  navvy.  The  bed  is  composed  of  pretty  clean  sand  with 
some  small  gravel,  and  is  crowded  with  shell  fragments  in  all 
stages  of  decay.  It  is  precisely  like  a  modern  beach  in  constitution, 
extent  and  slope,  but  what  renders  the  fact  more  certain  is  the 

»  n.  Le  Hon,  ♦♦  Prelim.  Mem.  Poiss.  Tcrt.  Belg."  (1871),  p.  6,  with  figure. 

*  K.  Lawley,  *'  Nuovi  Studi  Pesci,  etc.,  Colline  Toscane'^  (1876),  i>.  31. 

3  R.  Lawley,  ihid.  and  *' Studi  Comp.  Pesci  foss.  coi  viv.  generi  Carcharotkm 
Oxf/rhina^  e  Gaieoeerdo^*  (1881),  p.  112,  pi.  iv.  {Oxyrhina)^  fig.  2. 

*  L.  Agaasiz,  **Rfch.  Poiss.  Foss.'*  vol.  iii.  (1843),  p.  283,  pi.  xxxvii.  fig.  16. 
»  Op.  eit,  1881,  pi.  iv.  {Oxt/rhina),  fig.  2. 

^  I  am  indebted  to  Mr.  Henry  Beasley,  the  Hon.  Sec.  of  the  Liverpool  Geological 
Society,  for  calling  my  attention  to  this  interesting  hed. 
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reat  qnantity  of  clay  balls  or  boulders  mixed  with  the  sand, 
"hese  balls  are  covered  over  their  surface  with  small  gravel,  sholls 
nd  sand,  picked  up  as  they  rolled  about  on  the  beach,  just  like 
ae  mud  balls  we  find  on  the  shore  at  Crosby  at  the  present  day. 
^n  being  cut  into  with  a  knife  these  clay  balls  are  seen  to  be  formed 
f  ordinary  compact  brown  Boulder-clay,  and  they  are  pretty  hard, 
lie  contractor,  Mr.  Davies,  who  is  much  interested  in  the  geology 
f  the  cutting,  tells  me  that  these  clay  balls  are  found  all  over  the 
rea  in  great  profusion,  and  as  far  as  I  tested  the  bed,  which  I 
id  in  at  least  half-a-dozen  places,  I  found  the  statement  correct, 
le  also  informed  me  that  the  bed  is  underlain  by  silt,  but  it  has 
ot  been  tested  more  than  a  few  feet  deep.  1  picked  up  and 
•rought  away  about  twenty  clay  balls  varying  in  size  from  3  inches 
own  to  f  inch  diameter,  some  of  them  being  spherical  and  others 
Uipsoidal  in  form. 

Iliese  balls  or  boulders  can,  I  believe,  only  be  found  on  the 
hores  of  tidal  seas,  where  they  get  partially  dried  during  the 
ecession  of  the  water  twice  in  24  hours,  and  more  dried  at  neaps, 
f  they  were  constantly  immersed  they  would  get  dissolved. 

In  the  Geologioal  Magazine  for  1878,  p.  671,  I  described  the 
)rmation  of  clay  boulders  from  the  Estuarine  clay  on  the  Crosby 
bore,  and  shortly  afterwards  was  informed  by  the  late  Mr.  Binney, 
\R.S.,  that  he  had  found  similar  boulders  in  the  Boulder-clay  in  a 
ailway  cutting  near  Crumpsall  *  207  feet  above  the  sea-level.  But 
uch  boulders  are  not  only  made  from  stiflf  olay ;  the  recent  mud 
eposits  yield  them  also,  and,  as  I  said  before,  they  are  quite  a 
3mmon  phenomenon  on  our  shore.  I  have  seen  a  few  in  drift 
n  other  occasions,  but  in  nothing  like  the  regularity  and  profusion 
tiown  in  the  instance  I  am  describing. 

Glacialists  who  are  satisfied  with  no  explanation  of  drift  phe- 
omena  which  does  not  ascribe  everything  to  land-ice  continually 
ik  those  of  more  moderate  views  who  still  believe  the  sea  had 

considerable  share  in  the  work  to  show  them  shore-lines.  With 
lis  object  I  forward  these  lines,  and  there  is  no  doubt  the 
acient  beach  is  much  more  extensive  than  the  portion  touched  by 
le  excavation. 

I  may  add  that  glacial  striaa  bearing  N.  25°  W.  are  to  be  seen 
a  the  Keuper  Sandstone  when  bared  of  Boulder-clay,  in  the  same 
itting,  but  at  a  higher  level  and  more  to  the  north-west. 

Postscript,  December  6/A. — Since  the  above  was  written  the 
jccavations  from  Poulton  Road  to  Mill  Lane  have  disclosed  a 
DDtinuation  of  the  beach  a  fresh  distance  of  10  chains.  At  this 
Tstem  extremity  the  clay  boulders  occur,  but  not  in  such  pro- 
ision,  and  the  sand  increases  in  thickness.  Allowing  for  the  cnrve 
I  tlie  line,  the  plane  of  the  beach  is  continued  at  the  same  slope, 
be  laminations  of  the  bed  south-east  of  Poulton  Road  are  now 
?ry  apparent,  and   thin  beds  of  small  clay  balls  are  intercalated 

the  laminae. — T.  M.  R. 

»  See  '*  On  Boulders  of  Clav  from  the  Drift "  by  E.  W.  Binney,  Proc.  Lit.  and 
il.  Soc.  of  Manchester,  1879)  p.  40. 
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VI. — Pobt-Glacial  Man  in  Britain. 
By  William  Suonb,  F.G.S. 

THE  relative  position  of  post-Glacial  Man  to  post-Glaoial  geology 
has  been  a  rather  neglected  field  of  research.  This  borderland 
between  the  domains  of  the  Archseologist  and  the  Geologist  appears 
to  have  been  treated  as  neutral  ground,  yet  entombed  in  it  are  the 
relics  of  Neolithic  Man  and  the  first  evidences  of  the  dawn  of 
^  civilization.  It  may  be  alleged  that  the  splendid  results  of  oave 
exploration  have  given  us  a  better  idea  of  man's  evolution  from  a 
savage  to  a  civilized  existence  than  could  have  been  obtained  from 
any  other  source.  Whilst  this  must  be  admitted,  cave  research  can 
furnish  very  little  evidence  of  the  great  physical  changes  which 
went  on  outside  such  abodes.  If  for  instance  man  can  be  proved  to 
have  been  an  inhabitant  of  Western  Europe  during  the  Glacial 
epoch,  the  gradual  change  of  the  climate  from  frigid  to  temperate 
may  have  had  a  powerful  influence  in  modifying  his  habits  and 
thereby  assisting  his  development  from  the  state  of  a  rude  savage  to 
that  of  a  civilized  man.  Deposits  in  caverns  aid  very  little  in  this 
work.  They  are  for  the  most  part  choked-up  subterranean  water- 
courses, and  it  follows  that  any  deposits  found  therein  may  have 
been  subjected  to  much  disturbance.  The  most  slender  evidence 
derived  from  cave  deposits  is  even  by  such  distinguished  geologists 
as  Prof.  Hughes  and  Prof.  Boyd-Dawkins  thought  quite  sufficient  to 
determine  the  momei^tous  question  whether  Paladolithio  Man  was 
Glacial  or  post-Glacial.  Prof.  Boyd-Dawkins  decides  the  matter 
in  his  "Early  Man  in  Britain,"  p.  192,  in  the  following  very 
summary  manner : — 

"  Palaeolithic  man  has  left  no  traces  of  his  presence  in  the  caves  of 
Castleton  and  Matlock.  They  have,  however,  been  met  with  in 
several  caverns  in  Wales,  such  as  those  of  Pembrokeshire  and 
Monmouthshire  in  the  south,  and  in  that  of  Pont  Newydd,  near 
St.  Asaph,  in  North  Wales.  In  the  latter  a  human  molar  tooth  has 
been  found,  as  well  as  a  *quartzite  implement  and  rude  splinters 
and  chips  of  qnartzite,  of  the  same  type  as  those  of  the  red  sand  and 
in  the  caves  of  Cresswell.  The  pebbles  of  which  these  are  made 
have  been  obtained  from  the  Glacial  deposits  in  the  neighbourhood. 
We  may  therefore  conclude  with  Professor  Hughes,  that  the 
Palaeolithic  hunter  was  here  after  the  district  was  forsaken  by  the 
glaciers  and  the  sea,  or  in  other  words,  in  post-Glacial  times,  as  in 
the  parallel  case  offered  by  the  river-deposits  of  Bedford  and  Hoxne. 
It  must  also  be  remarked  that  the  leptorhine  Bhinoceros  and  the 
Hippopotamus,  as  well  as  the  straight-tusked  Elephant  {E,  antiquus), 
Bear,  Bison,  Reindeer  and  Horse,  are  found  with  the  quartzite 
implements  in  the  Pont  Newydd  cave,  which  may  therefore  be 
classified  with  those  of  Yorkshire  and  the  lower  strata  in  Mother 
Grundy's  Parlour." 

Mr.  Morton,  F.G.S.  (Geology  of  the  Country  around  Liverpool, 
second  edition,  pp.  188,  189)  makes  the  following  comments  upon 
the  passage :  "  Professor  Boyd-Dawkins,  F.K.S.^  objects  to  the  Pout 
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wjdd  caves  being  pre-GIacial,  on  the  ground  that  stone  imple- 
Qts  were  found  in  them  made  from  rock  which  occurs  as  boulders 
he  Drift  in  the  neighbourhood ;  but  it  seems  quite  as  possible  that 
Q  may  have  obtained  the  stone  from  its  original  locality,  or  from 
raines  in  the  early  period  before  the  district  was  submerged,  as 
lad  been  brought  near  to  the  cave  in  the  form  of  boulders.*' 
.  Morton's  conclusions  are  further  strengthened  by  the  occurrence 
veins  of  quartzite  in  the  neighbouring  Wenlock  Shale  of  the 
el  Fammau  range.  Such  a  suspicion  being  possible  at  once 
troys  our  confidence  in  the  assumption  that  the  quartzite  implo- 
Dte  of  Pont  Newydd  prove  PalsBolithic  Man  to  be  post-Glacial. 
BXk  follows  the  important  statement  by  Professor  Boyd-Dawkins, 
.:  **The  presence  of  the  leptorhine  Rhinoceros,  Hippopotamus, 
I  straight-tusked  Elephant,  probably  marks  the  earliest  phase 
:he  occupation  of  the  caves  of  Europe  by  the  Paleeolithic  hunter." 
'f  Britain  were  inhabited  by  this  early  race  of  PalsBolithio  hunters 
y  must  have  traversed  large  areas  of  the  surrounding  country  in 
rch  of  food.  In  the  excitement  of  the  chase  it  is  inconceivable 
t  they  should  not  have  left  many  a  lost  weapon,  which  would 
lay  testify  to  their  existence  in  post-Glacial  times.  Taking 
^land  from  the  Midlands  to  Berwick-on-Tweed,  was  ever  country 
lelved  to  make  roads,  harbours,  mines,  canals,  railways,  and  great 
'^Ds  and  cities,  yet  no  trace  of  this  Palseolithic  hunter  or  of  his 
temporaries  "the  leptorhine  Rhinoceros,  Hippopotamus,  and 
light-tusked  Elephant,"  has  ever  been  found  over  this  area  upon 
ost-Glacial  surface  or  in  post-Glacial  strata. 

Neolithic  Man. 

low  different  in  the  case  of  Neolithic  Man ;  his  relics  are  spread 
and  wide  over  the  land.  A  little  careful  study  of  the  geo- 
phical  and  topographical  distribution  of  his  relics,  as  recorded 
Sir  John  Evans's  **  Ancient  Stone  Implements  of  Britain,"  will 
n  afford  ample  proof.  Neolithic  Man  belongs  to  the  surface 
iod.  On  the  Yorkshire  Wolds  his  fliut  implements  are  scattered 
profusion,  occuring  in  a  foot  of  soil  resting  upon  Chalk.  Where- 
e  the  absence  of  the  quartzite  or  flint  implements  of  Palseolithio 
,n,  if  he  be  post-Glacial  ?  A^ain,  if  we  search  the  Western 
►res,  we  find  the  weapons  of  Neolithic  Man,  as  at  Delamere, 
Bston,  and  Tarporley  in  Cheshire,  upon  the  surface  of  the  Glacial 
ft.  Any  trace  of  Palaeolithic  Man  is  absolutely  unknown.  If  we 
imine  the  extensive  low-lying  plains,  bordering  the  coast-lines  of 
eshire  and  Lancashire,  the  submerged  peat  and  forest  beds  of 
se  counties  have  never  yielded  the  slightest  clue  of  Palfleolithio 
n  or  of  the  Mammalia  characteristic  of  the  Pala3olithic  age. 
If,  over  that  portion  of  Britain  which  was  covered  by  the  Glacial 
ift,  Neolithic  Man  was  post-Glacial,  and  early  Palaeolithic  Man 
Pont  Newydd  pre-Glacial,  the  Glacial  Drift  must  fill  the  gap 
ween.  In  that  case  the  Drift  will  be  the  equivalent  of  the 
ions  gradations  of  Palaeolithic  Man  in  the  driftless  areas  of 
gium  and  France.     There  are  two  points  which  would  appear 
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to  strengthen  this  oonclasion:  the  negative  one,  viz.  the  absence 
of  any  evidence  of  Palsdolithic  Man  over  the  areas  covered  by  the 
Glacial  Drift;  and  the  positive  evidence  of  the  amelioration  of 
the  climate  of  Western  Europe  at  the  close  of  the  Glacial  epoch, 
corresponding  to  the  amelioration  of  climate  which  characterized 
the  end  of  the  Palsaolithic  age  and  the  advent  of  Neolithic  Man. 
The  retreat  of  the  Boreal  Mollusca  northwards  at  the  close  of  the 
deposition  of  the  Drift  is  a  very  significant  fact  if  it  be  considered  in 
conjunction  with  the  dispersion  of  the  Mammalia  northwards  and 
Alp  wards  at  the  termination  of  the  Palaeolithic  age. 

In  considering  the  relations  of  Britain  to  the  events  of  the  Glacial 
epoch,  it  should  be  borne  in  mind  that  our  Island  was  situated  on 
the  confines  of  that  portion  of  the  Northern  Hemisphere  which 
suffered  glaciation.  It  was  one  of  the  last  places  the  ice-sheet 
reached,  and  one  of  the  first  from  which  it  retreated.  The  supposed 
great  time  required  for  the  formation  of  the  Glacial  Drift  and  the 
post-Glacial  deposits  has  blocked  the  way  to  any  -successful  attempt 
to  synchronize  the  Drift  with  the  older  river  and  cave  deposits^ 
containing  the  relics  of  Palseolithic  Man  and  his  Mammalian  con- 
temporaries. There  are,  however,  no  internal  evidences  in  the  Drift 
deposits  indicative  of  any  groat  antiquity.  We  frequently  find  them 
resting  upon  glaciated  surfaces  so  perfectly  polished,  and  with 
delicate  striae  so  exquisitely  preserved,  that  it  might  have  been 
but  yesterday  that  the  glacier  which  caused  them  had  retreated, 
and  not,  as  some  affirm  it  to  have  been,  thousands  of  years  ago. 
Then,  if  we  examine  {he  Boulder-clay  we  meet  with  Foraminifera 
embedded  in  it,  yet  despite  their  long  emtombment  their  shells 
show  no  signs  of  decay. 

The  Drift  rarely  exceeds  f300  feet  in  thickness.  If  it  were  formed 
at  the  rate  of  a  quarter  of  an  inch  per  annum,  a  little  over  15,000 
years  would  suffice  for  its  accumulation. 

We  possess,  of  course,  no  geological  data  for  the  foregoing  or  any 
other  geological  calculation  of  the  measure  of  the  duration  of  the 
time  represented  by  the  Glacial  Drift.  Therefore,  no  reasonable 
objection  on  the  ground  of  the  great  lapse  of  time  required  for  the 
formation  of  Glacial  and  post-Glacial  strata  can  be  taken  against 
synchronizing  the  Palaeolithic  age  with  the  Glacial  Drift,  and 
Neolithic  Man  with  post-Glacial  times. 

*  Query :  "  felstone,"  for  which  see  Prof.  Hughes'  most  interesting 
paper  upon  the  **  Drifts  of  the  Vale  of  Clwyd  "  (Q. J.G.S.  vol.  xliii. 
p.  107).  It  is  quite  immaterial,  however,  to  the  argument,  whether 
the  implements  found  in  the  **  Pont  Newydd  "  cave  were  composed 
of  "quartzite"  or  **  felstone,"  as  both  rocks  would  have  been  equally 
accessible. 

VII. — The  Tkuk  Horizon  op  the  Mammoth 
By  Mark  Stimlup,  F.G.S. 

IN  the  abstract  of  the  proceedings  of  the  meeting,  on  November 
8th,  of  the   Geological   Society  of  London,  I   notice  that  on 
the  reading  of  Dr.  G.  M.  Dawson's  ''Notes  on  the  occurrence  of 
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moth-remiiinB  in  North- West  America"  the  author  cites  the 
(nee  of  Mammoth  hones  in  a  layer  of  clay  resting  on  the 
und-ice  "  formation  of  the  northern  coast  of  Alaska  and  other 

'• 

Irew  attention  to  this  position  of  the  Mammoth  hones  above  the 

ice  hoth  in  North  Siberia  and  Alaska,  as  proved  by  several 
^rers,  in  my  paper  on  "  The  True  Horizon  of  the  Mammoth " 
>L.  Mao.,  No.  345,  p.  107,  March,  1893),  in  which  I  claimed  for 
Mammoth  an  existence  long  after  the  period  assigpied  for  its 
iction  by  Sir  Henry  H.  Howorth. 

see  that  Sir  Henry,  in  the  discussion  of  the  paper,  very  naturally 
preed  with  the  conclusion  of  Dr.  Dawson  as  to  the  age  of  what 
.lied  by  American  geologists  the  "  ground-ice "  formation,  and 
of  opinion  *'  that  this  ice  has  accumulated  since  the  beds  were 
down  in  which  the  Mammoth-remains  occur,  and  that  the  ice 
not  there  when  the  Mammoth  roamed  about  in  the  forests  where 
id  his  companions  lived." 

irthermore,  he  is  reported  to  have  said  that  "  hnmns  and  soil 
ot  accumulate  upon  ice,  except  as  a  moraine,"  both  of  which  state- 
s  are  controverted  by  the  explorations  of  recent  and  competent 
-vers  who  have  examined  these  regions. 

support  of  my  contention  I  need  only  refer  Sir  Henry  to  the 
>rations  of  Dr.  W.  H.  Dall  in  the  Alaskan  regions  (which  I 
d  in  ray  previous  paper),  and  to  the  evidence  of  other  observers 
\i  Dr.  Dall  summarizes  in  the  Bulletin  of  the  United  States 
)gical  Survey,  No.  84,  pp.  260-267,  recently  issued.  Dr.  Dall, 
:ing  of  the  "  ground-ice  "  formation,  says  "  a  remarkable 
ition  has  been  recognized  in  many  places  in  the  northern  part 
iaska,  in  which  solid  beds  of  ice  of  considerable  thickness 
rm  the  functions  of  rock  strata  and  are  covered  by  beds  of  blue 
containing  numerous  remains  of  Pleistocene  mammals,  or  by 

of  alluvium  which  sustain  a  layer  of  turf,  with  ordinary 
se  herbage  of  the  region,  or  even  small  thickets  of  birch,  alder 
►ther  small  Arctic  trees." 

ese  mammalian  remains  include,  among  others,  tusks,  teeth  and 
I  of  the  Mammoth,  E.  primtgenius,  bones  of  Bison  antiqmiSy  and 
lusk  Ox.  The  mode  of  origin  of  this  ground-ice  formation  is 
ubtedly  difficult  of  explanation,  but  its  position  beneath  the 
moth-bearing  beds  is  uniformly  the  same,  whether  in  the  clififs 
s  coast  or  in  those  bordering  the  Alaskan  rivers. 
.  D;ill,  referring  to  the  strati  graphical  position  and  mode  of 
nulation  of  the  bones,  says,  *'  that  all  the  circumstances  point 
rd  the  view  that  the  ice  preceded  and  subsequently  co-existed 
animals  whose  remains  are  now  found  in  its  vicinity." 
3nt.  J.  C.  Cant  well,  United  States  Revenue  Marine,  reporting 
e  Kowak  river  ice-clififs  discovered  by  him  in  1884,  says  **  they 
)mposed  of  solid  ice,  covered  by  a  layer  of  dark-coloured  earth, 
rmly  about  6  feet  thick,  the  whole  rising  to  the  height  of  15  to 
feet,    with  ti*ees  4  to  8  inches  in  diameter  growing  on   the 


«." 
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He  goes  on  to  say,  "  qnantitiea  of  Mammoth  tusks  were  observed 
in  this  clay  and  its  debris,  where  undermined  by  the  stream.  These 
clays  were  doubtless  of  the  same  age  as  those  in  which  the  Mammoth- 
remains  are  found  at  Elephant  Point,  over  the  ice-cliffs. 

In  consideration  for  your  valuable  space,  I  refrain  from  quoting 
further  evidence  as  to  the  superposition  of  the  Mammoth-beds  over 
the  solid  ice  stratum. 

The  question  of  the  food  supply  necessary  to  the  existence  of  the 
extinct  herbivorous  mammals  which  once  roamed  those  arctio 
plains,  seems  to  be  settled  by  the  actual  existence  of  an  abundant, 
though  arctic,  flora  in  these  apparently  inhospitable  wastes. 

Travellers  speak  of  the  dense  thickets  of  willow,  through  which 
they  have  to  push  their  way,  and  also  of  the  luxuriant  growth  of 
grass  covering  the  peaty  or  clayey  soil. 

Moreover,  Dr.  Dall  mentions,  singular  as  it  may  seem,  the  fact  of 
dwarf  birches,  alders,  7  or  8  feet  high,  with  stems  3  inches  in 
diameter,  and  a  luxuriant  growth  of  herbage,  including  numerous 
very  toothsome  berries,  growing  with  the  roots  less  than  a  foot  from 
perpetual  solid  ice. 

Sir  Henry  Howorth's  explanation  of  the  mode  of  formation  of 
these  massive  beds  of  ice  by  filtration  of  water  through  the  soil  is 
certainly  inconsistent  with  the  structure  and  purity  of  the  ice.  The 
ice,  60  to  150  feet  thick  and  upwards,  where  exposed  in  sections  of 
the  cliffs,  is  described  by  several  observers  as  pure,  clear  ice.  Dr. 
Dall  says  *'the  ice  in  general  had  a  semi- stratified  appearance,  as  if 
it  still  retained  the  horizontal  plane  in  which  it  originally  congealed. 
The  surface  was  always  soiled  by  dirty  water  from  the  earth  above. 
This  dirt  was,  however,  merely  superficial." 

The  facts  that  I  have  thus  briefly  cited  are  wholly  opposed  to  Sir 
Henry  Howorth's  assumption  that  the  present  is  the  ooidest  period 
known  in  recent  geological  times  in  Siberia  and  Alaska,  and  further, 
I  contend  that  the  elaborate  arguments  and  conclusions  embodied  in 
his  "  Mammoth  and  the  Flood  "  and  his  "Glacial  Nightmare,"  so  far 
as  they  rest  on  his  assumption  of  the  pre-Glacial  age  of  the  Mam- 
moth, receive  no  support  from  the  evidence  derivable  from  North 
Siberia  and  Alaska. 


I^  E  V  I  E  "W^  S. 

I. — ZUB      HiSTOLOGIE     DEB     FalTBNzIhME     PALIoZOISOHKB     StBGO- 
CEPHALEN. 

On  the  Histology  of  the  plicated  (folded)  teeth  of  Stegooephall 
By  H.  Credner.  Abhandl.  der  mathemat-physischen  Glasse 
der  K.  Sachsischen  Ges.  der  Wisseuschaften.  Band  xx.  No.  iv. 
Mit  vier  Tafeln  und  fiinf  Textfiguren.  Royal  8vo.  pp.  477- 
652.     (Leipzig,  1893.) 

WITHIN  the  last  thirteen  years  Professor  Credner  has  made  us 
acquainted   with    the    Stegocephali   and   Saurians    of   the 
Penniaa  limestone  near  Dresden,  from  the  smallest  salamandrine 
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BranchioBauri  up  to  the  hage  Seleroeephalus  with  almost  inch-long 
teeth. ^  Their  variety  in  external  appearance,  as  well  as  in  the 
extreme  specialization  of  their  skeleton,  in  which  they  diverge  in  a 
more  or  less  degree  towards  the  Reptilia,  is  so  extraordinary  that 
we  have  to  look  for  their  progenitors  in  still  more  remote  periods. 
On  the  other  hand,  the  less  varied  teeth,  studied  in  the  present 
Memoir  on  the  dentition  of  Seleroeephalus  labyrinthietju,  Gein.  sp., 
are  proved,  by  their  histological  details,  to  be  ultimately  the  homo- 
lognes  of  the  minute  teeth  of  certain  ichthyous  scales,  and  at  the 
same  time  throw  an  unexpected  light  in  an  opposite  direction, 
inasmuch  as  we  begin  to  have  a  clue  as  to  the  primitive  form  and  the 
evolution  of  the  Vertebrate  tooth  in  general. 

In  the  first  chapter,  the  dentigerous  bones  of  the  buccal  cavity  (viz. 
the  premaxilla,  maxilla  and  mandible  the  anterior  alee  of  the  pterygoid 
and  the  palatine),  as  well  as  almost  all  the  bones  of  the  skeleton,  are 
shown  by  their  characteristic  structure  to  be  dermal  bonea,  nearly 
related  to  the  Oanoid  scales.  The  dermal  bones  of  the  cranium, 
particularly,  prove  to  be  the  exact  homologues  of  these  last,  as  they 
are  composed  of  the  same  three  strata:  (I)  a  thin  basal  stratum 
of  calcareous  lamellsd  {Basahchichi  von  Kalklamellen),  followed  by 
(2)  a  much  thicker  stratum  of  osseous  tissue,  which  is  distinguished 
chiefly  from  that  of  the  enchondral  bones  of  the  rest  of  the  skeleton 
(including  the  quadrate  and  articular  of  the  mandibular  articula- 
tion) by  a  dense  system  of  blood-vessels  (Haveraiache  Candle  of 
Elaatsch),  extending  in  a  horizontal  direction,  according  to  the 
plane  of  the  greatest  extension  of  the  bone.  (3)  The  minute  ex- 
ternal covering  of  the  osseous  plates  is  formed  by  a  delicate  layer  of 
Osteodenitne,  which,  in  the  dentigerous  bones,  continues  directly  into 
the  dentine  cones  of  the  small  cuspidate  teeth. 

The  same  homology  exists  between  the  minute  palatine  teeth  of 
Seleroeephalus  and  the  small  teeth  of  the  Ganoid  scales ;  both  are 
CQspidate  dentine  cones,  provided  with  a  delicate  enamel  cap  and  a 
large  pulp  ;  their  basal  expansions  are  fused  into  the  layer  composed 
of  a  modification  of  dentine  {Ganoin),  which  covers  the  second 
stratum  above  described. 

The  histological  structure  of  the  large  jaw  teeth  is  closely  investi- 
gated on  ten  transverse  sections,  and  leads  the  author  to  the  con- 
clusion that  these  plicated  teeth  (Falteitzdhne)  of  Seleroeephalus  owe 
their  origin  to  the  coalescence  of  the  elements  (Anlagen)  of  numerous 
most  primitive  teeth,  similar  in  shape  to  those  on  the  palatine  bones  ; 
whereas  the  cement-ridges  ( Cementleisten)  of  the  jawbones  are  formed 
by  a  fusion  of  the  basal  layers  of  the  jaw  teeth. 

All  the  larger  teeth,  uni-  or  multi-cuspidate,  of  the  Eotetrapoda, 
and  consequently  likewise  of  the  higher  Vertebrates  generally,  are 
thus  shown  to  be  poly /synthetic ,  viz.  produced  by  a  fusion  of  the  pulps 
of  numerous  tooth-germs  (Zahnanlngen),  so  that  they  do  not  represent 
primitive,  but  phylogenetically  acquired  structures. 

^  H.  Credner,  Die  Stegocephalen  und  Saurier  «U8  dera  Rothliegenden  des  Plauen- 
Bchen  Grundes  bei  Dresden,  Part  I-X  (Zeirschr.  d.  Deut.  geoloj^.  Gesellschaft,  1881- 
189'i).— fl.  Credner,  Die  Urvierfiissler  (Eotetrapoda)  des  Sachsischen  Rothliegenden. 
Berlin,  1891,  etc. 
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To  the  above  modification  of  the  Ckmcrescemce  Theory  of 
Eiikenthal  and  Rose  cannot  be  applied  the  reproach  that  "  it  oomee 
from  a  one-sided  Morphology  which  regards  only  the  wonderful, 
though  mutilated,  chapters  of  Embryology  when  the  nntom  pages 
of  PfidsBontology  are  at  hand." ' 

II. — IJebbb  DIB  Olibderuno  dbb  Flotzfobmatiokbn  Hbloolands. 
Von  W.  Dambs.  Sitzungsber.  der  k.  preuss.  Akad.  d.  Wiaa.  su 
Berlin,  1893.     pp.  1019-1039. 

On  thb  Divisions  of  thb  Stratified   Fobmatioms  of  Hbli- 
OOLAND.     By  Prof.  Dr.  W.  Dames. 

IT  is  quite  natural  that  the  little  rocky  islet  of  Heligoland,  lately 
transferred  from  the  British  to  the  German  Empire,  should 
have  been  examined  by  its  new  possessors  with  that  warm  interest 
which  generally  accompanies  recently  acquired  ownership,  whether 
by  persons  or  by  nationalities.  From  a  geological  point  of  view  the 
rocks  of  this  islet  had  been  considered  to  show  a  pronoanoed  re- 
lationship to  those  of  the  English  coast  on  the  other  side  of  the 
North  Sea,  but  Prof.  Dames,  who  has  spent  several  weeks  this  last 
Autumn  in  studying  its  geology,  maintains  in  the  present  paper,  and 
we  think  successfully,  that  they  bear  the  closest  resemblance  to 
those  of  Schleswig  Holstein  and  other  areas  in  North  Germany,  and 
consequently  that  Heligoland  is  but  an  advanced  post  of  German 
territory,  with  which,  geologically,  it  has  had  an  almost  unbroken 
connection  since  the  close  of  the  PalsBOZoic  period. 

Hitherto  the  rocks  of  Heligoland  have  been  referred  to  the 
Triassic,  Jurassic  and  Cretaceous  formations,  but  Professor  Dames 
states  that  Jurassic  strata  are  absent  altogether.  The  lowest  beds  on 
the  main  island  consist  of  reddish-brown,  thick-bedded  calcareous 
clays,  with  traces  of  copper  ores,  which  are  closely  similar,  petro- 
logically,  to  the  strata  of  Zechstein  age  in  Schleswig  Holstein,  and 
to  those  on  the  same  horizon  on  the  flanks  of  the  Harz  Mountains. 
Conformably  overlying  the  Zechstein  on  the  main  island  are  red  and 
green  speckled  clays,  sandNtones  and  dolomites,  considered  of  Lower 
Bunter  age — in  these  a  characteristic  rib  of  a  Triassic  saurian  has 
been  found.  The  Middle  and  Upper  Bunter  beds  probably  come 
in  beneath  the  North  Sea,  between  the  main  island  and  the  Wite 
Klif.  This  latter  is  of  a  yellowish  clayey  limestone  or  dolomite, 
containing  mollusca  characteristic  of  the  Lower  Muschelkalk.  The 
Middle  and  Upper  divisions  are  represented  by  beds  of  gypsum 
and  glauconitic  limestones  and  dolomites. 

The  rocks  succeeding  the  Upper  Muschelkalk  dolomites  contain 
fossils  of  Lower  Cretaceous  age  similar  to  those  of  the  Speeton  Clay 
of  Yorkshire  and  of  Simbirsk,  in  Russia,  and  the  following  zones 
have  been  recognized  by  the  author  in  the  so-called  Took  beds  : 

1.  Zone  of  Belemnites  pistilliformis,  with  Exogyra  Couloni  and 
Pecten  crassiteata,  belonging  to  the  Neocomian. 

2.  Zone  of  Belemnites  brunstncensiSf  with  large  undescribed  species 
of  Crioceras. 

'  See  American  Journal  of  Science,  December,  1693,  p.  448. 
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3.  2Zone  of  Bdemmte$  fuaiformtB  and  Terebratula  sella.  Nos.  2 
and  3  are  Aptian. 

4.  Zone  of  Belemnitee  minimus, 

5.  Zone  of  Schldnbaehia  inflata.  Nos.  4  and  5  belong  to  the 
Upper  Ganlt ;  the  Middle  Ghiult  seems  to  be  absent 

The  rocks  referred  to  the  Upper  Cretaceous  are  only  exposed  at 
ebb-tides ;  they  have  hitherto  been  considered  only  to  represent  the 
Upper  Chalk  with  flints,  but  Dr.  Dames  has  ascertained  from  the 
fossils,  partly  in  the  rocks  tn  sitUf  partly  in  the  boulders,  that  the 
Cenomanian  is  present  with  Terebratula  depressa ;  and  of  Turonian 
age  there  is  a  reddish  chalk  with  Inoceramus  mytiloides ;  a  white 
chalk  with  flints  containing  Inoceramus  Brogniarli ;  and  a  yellow 
chalk  with  Seaphites  Oeinitzi  and  HolaBter  planus.  Of  the 
Senonian,  three  zones  are  represented,  viz.  that  of  Inoceramus 
lobatus,  of  BelemniteUa  quadrata,  and  of  B.  mucronata.  No  Tertiary 
strata  are  present 

The  observations  of  Dr.  Dames  have  very  materially  increased  our 
knowledge  of  the  geology  of  this  interesting  islet,  and  we  are  glad 
to  note  that  he  has  promised  to  bring  out  a  detailed  description  of 
the  fossils  present  in  its  rocks,  which  will  be  quite  as  highly 
appreciated  by  British  as  by  German  geologists. 

G.  J.  H, 

III. — Memoibs  of  the  Geological  Survey  op  the  United  King- 
i>om;  The  Jurassic  Rocks  op  Britain.  Vol.  III.  The  Lias 
OF  England  and  Wales  (Yorkshire  excepted).  By  Horace 
B.  Woodward,  F.G.S.,  President  of  the  Geologists'  Association. 
8vo.  pp.  xii.  and  399,  with  a  Map  and  89  Woodcut  Illustrations. 
(London :  Kegan  Paul,  Trench,  Triibner,  and  Co.,  Ld.,  1893.) 
Price  7s,  6d, 

IN  the  Geological  Magazine  for  September,  1893,  pp.  415-421, 
we  gave  a  notice  of  volumes  I.  and  II.  of  this  Memoir  dealing 
with  the  Jurassic  Rocks  of  Yorkshire,  by  C.  Fox-Strangways, 
F.G.S. ;  the  present  volume,  comprising  the  Lias  of  England  and 
Wales,  by  Horace  B.  Woodward,  F.G.S.,  is  the  first  instalment  of 
his  work  and  forms  an  important  and  acceptable  addition  to  our 
knowledge  of  the  Jurassic  rocks  of  Britain,  south  of  the  Humber. 

**  The  present  volume,"  says  Sir  Archibald  Geikie,  "  has  been 
prepared  entirely  by  Mr.  Woodward.  His  training  in  the  field- 
work  of  the  Survey  had  made  him  intimately  acquainted  with  the 
Jurassic  rocks,  for,  between  the  years  1867  and  187^1,  he  was  en- 
gaged under  Mr.  Bristow,  the  late  Director  for  England  and  Wales, 
iu  re-sarveying  the  Secondary  formations  in  the  south-west  of 
England  and  the  south  of  Wales." 

In  the  introduction  the  author  treats  of  the  term  Jurassic,  and  of  the 
extent  of  these  rocks  in  Britain,  with  their  relation  to  the  formations 
above  and  below  them.  In  dealing  with  the  history  of  the  Jurassic 
rocks  the  place  of  honour  is  naturally  given  to  William  Smith,  who, 
in  his  earlier  work,  was  specially  identified  with  the  Oolitic  rocks  of 
the  south-west  of  England,  and  many  of  whose  names  are  ^Uil  i^- 
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tained  to  designate  their  subdivisions.  A  table  of  these  is  given,  and 
also  one  showing  tlie  principal  subdivisions  of  the  Jurassic  rocks 
from  Dorsetshire  to  Lincolnshire.  The  sequence  of  the  rocks,  their 
changes,  with  their  stratigraphical  and  palseontological  subdivisionSi 
their  fauna  and  flora,  and  characteristic  fossils  are  discussed. 

Mr.  Horace  Woodward  then  gives  a  general  aooount  of  the  Lias 
formation  and  its  organic  remains,  illustrated  by  numerous  figures 
of  fossils.  The  opinions  of  Dr.  Sorby  and  Mr.  J.  J.  H.  Teall  on  the 
microscopic  structure  of  the  Lias  are  also  quoted.  A  table  is  given 
of  the  principal  zones  in  the  Liassic  rocks  with  the  names  of  the 
Ammonites  by  which  they  are  characterized.  Attention  is  also 
given  to  the  origin  of  the  limestones,  many  of  which  are  considered 
to  be  largely  of  sedimentary  origin. 

Here,  in  the  text,  and  also  in  the  Catalogue  of  Liassic  fossils  at 
the  end  of  the  Memoir  (see  pp.  330  to  378),  they  are  given  "under 
the  generic  name  Ammonites,  because  confusion  must  have  arisen  if 
any  attempt  had  been  made  to  employ  the  subgeneric  names.  These 
names,  indeed,  may  be  of  service  to  the  specialist  who  confines  his 
attention  to  the  Ammonites,  but  they  are  of  biological  rather  than 
geological  importance.  Some  of  the  names,  indeed,  have  been  changed 
again  and  again  since  this  Memoir  was  commenced,  and  many  of  the 
species,  unfortunately,  are  so  split  up  that  the  multitude  of  names  is 
simply  bewildering,  and  they  become  of  little  or  no  service  to  the 
stratigraphical  geologiHt.  In  some  cases  the  same  specific  name  has 
been  applied  to  mutations  of  different  subgenera  of  Ammonites !  a 
course  much  to  be  deprecated,  for  it  is  likely  that,  if  accepted  as  new 
species,  the  names  will  eventually  be  replaced  by  others." 

The  author  then  gives  a  general  description  of  the  Lower  Lias,  its 
zones,  organic  remains,  and  characteristic  fossils,  with  details  of  the 
area  over  which  it  occurs,  from  the  coast  of  Dorsetshire  to  the 
Mendip  Hills,  together  with  sections  along  the  coast  and  inland. 
Other  areas  recorded  are  Harptree  and  Chewton  Mendip,  Badstock, 
Keynsham,  Bath,  Bristol,  Westbury-on-Severn,  Gloucester,  Chelten- 
ham and  Tewkesbury.  Thence  we  pass  from  Evesham  to  Stratford- 
on-Avon,  Banbury,  Rugby,  Market  Harborough,  Barrow-on-Soar, 
the  Vale  of  Bel  voir,  Lincoln,  Frodingham,  Shropshire  and  Cheshire, 
and  as  far  as  Cumberland,  these  latter  localities  possessing  "out- 
liers "  of  the  basement  beds  of  the  Lower  Lias. 

The  Middle  Lias  is  treated  in  a  similar  manner  with  its  zones  of 
Ammonites  spinatus  and  margaritaius.  Figures  are  also  given  of 
various  characteristic  Middle  Lias  fossils,  with  a  list  of  all  the 
organic  remains.  Then  follow  local  details  of  the  areas  over  which 
the  Middle  Lias  extends,  in  Dorset,  Somerset,  Gloucester,  Oxford, 
Northampton,  Warwick,  Leicester,  Rutland,  Lincoln,  and  Shropshire. 

The  Upper  Lias,  with  its  zones  and  characteristic  remains,  is  dealt 
with  as  in  the  preceding  divisions,  including  the  topographical  area 
over  which  it  extends.  Many  new  facts  are  recorded,  especially  with 
reference  to  the  Lias  of  Lyme  Regis,  to  that  of  South  Wales  and  of 
Siiropshire.  ITie  record  of  a  new  boring  at  Mickleton  in  Gloucester- 
shire, affords  evidence  that  there  we  have  the  greatest  known  thick' 
nets  of  Lias  in  this  country — no  less  than  1,360  feet 
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The  chapters  on  economic  geology,  treating  of  Lime  and  Cement, 
of  Artificial  Stone  and  of  Building  Stone,  Ornamental  Marhle,  of 
Iron  Ore,  etc.,  of  Agriculture,  Soils,  and  Water  Supply  will  he  read 
with  interest  by  all  those  who,  as  landed  proprietors,  have  a  stake 
in  the  prosperity  of  the  areas  embraced  in  this  Memoir.  The 
Chalybeate  Springs  of  Bath,  Cheltenham,  and  the  surrounding 
country  are  extremely  numerous  and  many  of  them  of  great 
historical  antiquity  and  virtue. 

Tlie  fauna  of  the  Lias  formation  is  one  of  the  richest  of  the 
British  Islands,  not  only  in  Flying,  Walking,  and  Swimming  Reptiles, 
but  in  Fishes  and  Mollusca;  and  especially  in  that  remarkable  group, 
the  Cephalopoda,  by  aid  of  which  the  various  zones  of  the  Lias 
have  long  been  characterized,  the  Brachiopoda,  Crustacea,  Worms, 
Echinodermata,  Corals,  and  Foraminifera  are  also  well  represented, 
whilst  remains  of  Plants,  numerous  Insects,  Flying  Pterodactyls, 
Dinosaurs,  and  Crocodiles  proclaim  the  presence  of  a  contiguous 
continent,  the  shores  of  which  were  washed  by  the  Liassic  seas. 

Owing  to  the  inferior  quality  of  the  paper  on  which  it  is  printed, 
this  valuable  Memoir  is  presented  to  the  public  under  great  dis- 
advantage ;  for,  notwithstanding  the  fact  that  numerous  illustrations 
have  been  lent  to  adorn  its  pages,  they  are  mostly  so  poorly  printed 
as  to  fail  to  express  clearly  the  objects  which  the  artist  has  drawn. 
This  censure  on  the  printing  in  no  wise  detracts  the  vast  amount  of 
arduous  scientific  labour,  the  results  of  years  of  patient  field-work 
by  Mr.  Woodward,  which  this  Memoir  has  involved;  nor  must  we 
omit  to  commend  the  admirable  list  of  fossils,  with  their  respective 
horizons,  occupying  just  50  pages  of  small  print,  drawn  up  by  the 
author  with  the  assistance  of  his  colleagues,  Messrs.  Sharman  and 
Newton.  Unfortunately  this  catalogue  does  not  include  all  the 
Liassic  fossils  of  England  and  Wales,  because  the  species  from 
Yorkshire  are  given  in  the  Memoir  by  Mr.  Fox-Strangways  (above 
referred  to),  and  only  those  Yorkshire  fossils  which  occur  south  of 
the  H umber  are  mentioned  in  Mr.  Woodward's  list 

To  obtain  a  full  record  of  the  Liassic  fossils  of  England  and  Wales, 
it  will  be  necessary,  therefore,  to  combine  the  catalogues  given  by 
Mr.  Fox-Strangways  with  that  contained  in  the  present  volume. 
Surely  this  might  have  been  done  by  the  oflSoers  of  the  Survey — 
by  mutual  agreement — and  so  the  public-at- large,  or  at  least  the 
scientific  public,  instead  of  grumbling,  would  have  had  reason  to 
laud  and  magnify  the  Director-General  and  his  staflF  for  ever  I  Wo 
shall  look  with  interest  for  the  appearance  of  volume  iv.  with  the 
Lower,  and  of  volume  v.  with  the  Middle  and  Upper  Oolitic 
divisions  of  the  Jurassic  rocks. 


IV.— The  Story  of  Que  Planet.  By  Prof.  T.  G.  Bonney,  D.Sc, 
LL.D.,  F.R  S.,  F.G.S.,  etc.  8vo.  pp.  xvi.  and  692,  with  G  Coloured 
Plates  and  Map,  and  about  100  Illustrations.  (London :  Cassell 
and  Co.,  Ld.,  1894.)     Price  31«.  6d. 

IN  writing  "  The  Story  of  Our  Planet,"  the  author  has  aimed  to 
produce  a  companion  volume  to  that  by  Sir  Hobert  Stawell  Ball, 
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entitled  "  The  Story  of  the  San."  Prof.  Bonney  thinks,  and  rightly, 
that  there  is  already  an  ample  supply  of  text-books,  guides  and 
handbooks,  in  the  English  language  to  satisfy  the  requirements  of 
every  living  student,  but,  besides  this  olass,  there  is  a  still  larger 
body  of  intelligent  educated  persons  who  feel  muoh  interest  in  the 
history  of  the  earth  on  which  they  live  but  who  have  neither  the  leisure, 
nor  the  inclination,  to  miEUBter  the  technicalities  of  any  one  branch  of 
science,  or  to  enter  into  their  minute  details :  for  this  reason  the 
author  has  striven,  by  avoiding  too  many  references,  and  especially 
dry  scientific  terms,  to  make  a  really  readable  book  for  the  public  at 
large. 

In  the  introductory  chapter  the  author  briefly  alludes  to  the 
historical  records  of  the  rocks,  and  the  fossils  which  they  oontain. 
After  this  introspection  of  the  earth  he  proceeds  to  its  extrospeotion, 
in  relation  to  the  other  planetary  bodies  and  the  sun.  He  then  deals 
with  the  land-regions,  their  distribution  over  the  globe,  and  the 
manner  in  which  they  are  raised  up  in  the  continents  and  depressed 
in  the  ooeanic  areas.  From  this  he  passes  to  the  consideration  of  the 
aerial  region,  and  he  discusses  the  great  air-envelope  of  our  globe, 
and  the  movements  to  which  it  is  subjected.  The  waters  of  our 
planet  next  claim  attention;  this  section  is  illustrated  by  some 
useful  coloured  maps  of  the  ocean-basins;  that  on  p.  38  of  the  ocean- 
currents  is,  however,  hardly  satisfactory  as  a  process-block,  and 
a  far  better  diagram  ought  to  have  occupied  its  place. 

In  part  2,  the  author  describes  the  work  performed  by  Nature's 
agents  in  sculpturing  and  moulding  the  solid  framework  of  our 
globe.  The  first  agent  being  the  atmosphere,  naturally  includes 
the  action  of  sun  and  wind  in  the  disintegrating  of  rocks  and  soils, 
and  the  formation  of  sand-dunes  and  rock-pillars.  It  is  difficult 
sometimes  to  define  the  limits  of  the  action  of  sun  and  wind  apart 
from  that  of  rain  and  rivers,  except,  of  course,  in  so-called  '* rainless 
districts." 

The  transporting  power  of  rivers  is  next  discussed  and  the  means 
by  which  they  remove  the  solid  crust  of  the  earth,  both  in  suspension 
and  solution.  The  action  of  ice  as  a  sculptor  of  the  rocks,  and  as  a 
carrier  of  material  from  higher  to  lower  grounds,  and  in  the  distri- 
bution of  erratics  over  land  and  sea,  is  also  described  and  illustrated. 

The  work  of  the  ocean,  although  limited  to  the  margin  of  the 
land,  produces  considerable  changes,  by  additions  and  subtractions, 
along  our  coast-lines,  and  by  alterations  in  the  contours  and  the 
depths  of  channels  near  the  mouths  of  rivers,  and  by  the  changes  in 
shoals,  sandbanks,  eta 

Under  the  title  of  "the  Proletariat  of  Nature,"  by  which  the 
author  evidently  means  all  the  lower  forms  of  animal  and  vegetable 
life,  the  Mosses,  the  Lichens,  the  Foraminifera,  Radiolaria,  Sponges 
and  Corals,  Professor  Bonney  discusses  the  effects  whioh  these 
humble  but  prolific  organisms  produce,  either  as  conservators  of  the 
surface — as  in  the  cases  of  Lichens.  Mosses,  and  vegetation  generally 
— or  as  actual  builders- up  of  earth-masses,  as  in  the  case  of  Coral- 
reefs,  etc. 
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krt  3  is  devoted  to  the  consideration  of  changes  from  within; 
nencing  with  movements  of  the  crust  of  the  earth,  illustrated  hj 
well  known  example  of  the  Columns  of  the  Temple  of  Serapis 
the  terraoes  on  the  Coast  of  Norway  ;  and  hy  faults  and  flexures 
le  strata;  by  volcanic  action  and  its  effects,  on  earthquakes, 
the  internal  changes  produced  upon  rock-masses  within  the 
t  itself. 

&rt  4  deals  with  the  earth's  story  in  past  ages,  and  treats  of 
ors  and  the  earth's  beginning;   of  the  eras  and  subdivisions  in' 
>gical  history,  and  the  processes  of  reasoning  by  which  they  have 
)  to  be  recognized ;   and  so  we  psiss  from  the  Archaoan  era,  to 
)  building  of  the  British  Isles,"  of  Europe,  and  other  continents ; 
following  the  author,  discuss  the  earth's  life-history, 
irt  5  embraces  some  theoretical  questions,  such  as  the  "  Age  of 
Elarth ;"  ''  the  permanence  of  ocean-basins  and  land-areas;"  on 
matal  changes,"  and  "  the  distribution  and  descent  of  life." 
lis  work  is  essentially,  what  its  author  intended  it  should  be, 
)asant  readable  book.    Most  of  its  facts  are  the  common  property 
lany  other  such  volumes  on  Physical  Geography  and  Geology, 
as  fllisee  Reclus'  '*La  Terre,"  with  a  little  more  geology  added, 

the  manner  of  "  LyelPs  Principles."  The  smallest  possible 
9  is  given  to  the  so-called  Life- History  of  our  globe,  a  subject 
(h  appears  to  us  to  be  worthy  to  hold  a  place  of  far  greater  im- 
inoe  in  the  History  of  our  Planet.  If  we  except  the  figures  of 
>  of  the  fossils  given,  the  illustrations  are,  as  a  rule,  of  a  high 

and  will  render  the  book  attractive  to  the  general  reader,  for 
m  it  is  intended. 

e  think  this  is  a  volume  which  will  have  many  readers,  both 
3g8t  young  and  old. 


Annals  of  British  Geology,  1892.  A  Digest  of  the  Books 
lND  Papers  Published  during  the  Year — with  Oooasional 
'Jotes.  By  J.  F.  Blake,  M.A.,  F.G.S.  8vo.  pp.  310,  with  100 
llustrations.     (London  :  Dulau  &  Co.     1893.) 

iOFESSOR  BLAKE  is  to  be  greatly  congratulated  on  the 
third  annual  appearance  of  this  most  useful  work.  Whilst 
'olume  is  arranged  almost  precisely  on  the  same  lines  as  last  year 
!  Geological  Magazine,  1893,  p.  134),  certain  changes  have  been 
»duced.  The  critical  notes  are  no  longer  dispersed  amongst  the 
but  wisely  gathered  together  in  the  form  of  an  Introductory 
ew,  **  which,"  says  the  author  in  his  preface,  *'  can  scarcely  be 
3ted  to  if  we  admit  the  principle  that  *  thou  shalt  not  muzzle  the 
bat  treadeth  out  the  corn,'"  especially,  we  might  add,  if  he 
leth  not  on  the  corn — of  another. 

le  illustrations  are  now,  as  far  as  possible,  of  full  size  and  inter- 
led  in  the  body  of  the  text     All  new  British  species,  save  those 
le  Palaeontographical  Society's  volume,  are  figured,  with  some 
)thers  of  special  interest, 
e  are  still  of  opinion  that  the  "Foreign  Geology  (published  in 


i 
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Britain) "  were  better  omitted  altogether,  and  fail  also  to  see  the 
object  in  praotioally  reprinting  such  a  work  as  that  by  Hudlestoa 
and  Wilson. 

Beyond  this  we  have  no  adverse  criticism  to  offer,  and  most 
sincerely  deplore  the  necessity  Professor  Blake  will  be  under  of 
abandoning  this  work  in  the  future  unless  the  present  volume 
meets  with  sufficient  support  Aid  should  certainly  be  given  hiiu 
not  only  by  individual  geologists,  but  by  those  societies,  large  and 
small,  that  in  many  quarters  of  the  British  Islands  are  formed 
to  promote  the  study  and  progress  of  the  science  of  geology. 

Unfortunately  the  principal  society  does  not  consider  Keoords  are 
"instituted  for  the  purpose  of  investigating,"  or  aiding  in  the  in- 
vestigation of,  **  the  mineral  structure  of  the  earth ; "  whilst  it  is 
hopeless  to  expect  the  Geological  Survey  of  the  United  Kingdom  to 
be  as  enterprising  as  its  American  equivalent  in  the  United  States, 
and  to  undertake  a  work  of  utility  such  as  this. 

Those  prepared  to  support  Professor  Blake  should  remember, 
''  bis  dat,  qui  cito  dat  I " 
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I.— December,  6th,  1893.--W.  H.  Hudleston,  Esq.,  M.A.,  F.B.S., 
President,  in  the  Chair.     The  following  communications  were  read : 

1.  "The  Purbeck  Beds  of  the  Vale  of  Wardour."  By  the  Rev. 
W.  R.  Andrews,  M.A.,  F.G.S.,  and  A.  J.  Jukes-Browne,  Esq.,  B.A, 
F.G.S. 

The  authors  have  obtained  better  evidence  than  previously  existed 
for  calculating  the  thicknesses  of  the  several  parts  of  the  Purbeck 
series  in  the  Yale  of  Wardour,  and  comparing  the  different  sub- 
divisions as  developed  in  that  Yale  with  those  exposed  in  othei 
localities.  Putting  together  22-24  feet  of  basement-beds  of  the 
Lower  Purbeck  strata  seen  in  the  Wockley  section,  21  feet  in  Hidgt 
Quarry,  and  17  feet  in  Teffont  Quarry,  more  than  60  feet  of  Lower 
I'urbeck  Beds  are  actually  seen,  and  allowing  for  the  gap  between 
the  Wockley  and  Ridge  sections,  70  feet  seems  a  fair  estimate  of  the 
average  thickness  of  the  Lower  Purbeck  strata. 

In  the  Teffont  and  Chick sgrove  quarries,  a  little  over  12  feet  may 
be  measured  between  the  basal  clay  of  the  Middle  Purbeck  Beds  and 
the  Cinder  Bed ;  while  the  great  cutting  on  the  Teffont  line  shows 
19  feet  of  strata  above  the  Cinder  Bed,  and  the  beds  of  Diuton 
cutting  may  be  all  on  a  higher  horizon  ;  so  that  an  estimated 
thickness  of  32  feet  for  the  Middle  Purbeck  Beds  is  probably  below 
the  mark. 

The  clay  and  sand  in  the  Din  ton  cutting  must  be  18-20  feet 
thick,  and  between  its  summit  and  the  top  of  the  second  seam  of 
calcareous  grit  there  is  a  thickness  of  at  least  8  feet  This  grit 
forms  the  floor  of  Dinton  Well,  about  40  feet  deep ;  hence  there  is 
a  thickness  of  at  least  66  feet  of  Upper  Purbeck  strata,  and  probably 
more  than  2  and  less  than  12  feet  in  addition. 
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A  comparison  is  instituted  between  the  Purbeck  Beds  of  the  Yale 
of  Wardour  and  those  of  the  Dorset  coast,  etc.,  and  some  remarks 
are  made  upon  the  physical  conditions  under  which  the  beds  were 
deposited. 

2.  "  On  a  Picrite  and  other  Associated  Rocks  at  Barn  ton,  near 
Edinburgh."     By  Horace  W.  Monckton,  Esq.,  F.L.S.,  F.G.S. 

llie  object  of  this  paper  is  to  describe  a  cutting  on  a  new  railway 
in  Barn  ton  Park,  where  there  is  an  excellent  exposure  of  picrite. 
It  consists  of  serpen tinized  olivine,  augite,  mica,  iron  oxide,  and  a 
little  plagioclase-felspar,  with  a  variable  amount  of  interstitial 
matter.  In  many  respects  it  comes  very  near  to  the  picrite  of 
Inchcolm,  which  island  is  4^  miles  north  of  Barnton  cutting.  It 
differs  from  the  picrite  of  Bathgate,  and  the  probability  is  that  the 
Barnton  rock  is  an  off'shoot  from  the  same  magna  as  that  which 
supplied  the  Inohcolm  rock. 

Besides  the  picrite  other  igneous  rocks  from  the  same  cutting  are 
described — in  particular,  a  rock  with  porphyritic  crystals  of  a  green 
mineral  replacing  olivine,  or  more  probably  augite,  and  a  great 
quantity  of  brown  mica  in  small  flakes  and  crystals.  It  is  suggested 
that  the  name  of  mica-porphyrite  might  be  given  to  this  rook. 

3.  "  On  a  variety  of  Ammonitea  (Stephanoceraa)  subarmatus, 
Young,  from  the  Upper  Lias  of  Whitby."  By  Horace  W.  Monckton, 
Esq.,  F.L.S.,  F.G.S. 

The  author  describes  an  ammonite  found  by  himself  in  1874 
near  Sandsend,  3  miles  north-west  of  Whitby.  He  thinks  it  was 
not  actually  i»  «i/ii,  but  lying  with  a  number  of  nodules  on  the  floor 
of  an  old  alum-pit,  although  he  has  no  doubt  that  it  is  from  the 
Alum  Shale  of  the  Upper  Lias.  A  peculiar  arrangement  of  the 
C()8t89  as  they  cross  the  siphonal  area  distinguishes  the  specimen 
from  other  Whitby  ammonites  known  to  the  author.  It  boars  a 
fetrong  resemblance  to  a  shell  figured  as  A.  subarmatus  by  D'Orbigny, 
*'Terr.  Jurass.,"  pi.  Ixxvii.,  but  is  unlike  the  figures  of  that 
species  given  by  other  authors. 

IL— December  20th,  1893.  — W.  H.  Hudleston,  Esq.,  M.A., 
F.K.S.,  President,  in  the  Chair.  The  following  communications 
were  read: — 

1.  "On  the  Stratigraphical,  Lithological,  and  Pal  aeon  tological 
Features  of  the  Gosau  Beds  of  the  Gosau  District,  in  the  Austrian 
Salzkammergut."  By  Herbert  Kynaston,  Esq.,  B.A.  (Communicated 
by  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.,  Sec.G.S.) 

This  paper,  after  referring  to  the  previous  literature  of  the  subject, 
treats  of  the  situation  and  physical  aspects  of  the  Gosau  Valley, 
the  distribution  of  the  Gosau  Beds,  their  stratigraphy,  pal  aeon  tolo^ry, 
and  geological  horizon,  and  the  physical  conditions  under  which  they 
were  deposited,  and  comparison  is  instituted  between  the  Gosau 
Beds  and  the  equivalent  beds  of  other  areas.  The  author  shows  tliat 
Hippnrites  occur  at  two  horizons  in  the  Gosau  Beds, — a  hippurite- 
Hnaestone  immediately  above  the  basement-conglomerate  being 
characterized    essentially  by   Hippurites    cornU'Vaccinum^   which  is 
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overlain  by  AcUBoneUa'  and  NerinaaAimeBionoB  and  an  estaariDe 
series,  and  above  these  is  a  seoond  hippurite-limestone  charaoterized 
essentially  by  Jlippuritea  organiaana.  It  is  pointed  out  that  Toacas 
similarly  distinguishes  two  Hippurite  zones  in  Southern  France;  the 
lower,  characterized  essentially  by  H.  eomU'VcuMuum,  being  placed 
by  him  at  the  top  of  the  Turonian  System,  whilst  the  second,  with 
JJ.  organiaana,  is  referred  to  the  sammit  of  the  Senonian ;  and  the 
author  gives  reasons  for  regarding  the  Gosau  zones  as  the  equivalents 
of  those  of  the  South  of  France,  in  which  case  the  Oosau  Beds 
will  represent  the  uppermost  Turonian  and  the  whole  of  the  Seno- 
nian, i,e,  the  zones  of  Holaater  planus,  Jiteraater,  Maraupites,  and 
Belemnitella  mucronata  in  England,  whilst  the  upper  unfossiliferous 
beds  may  be  the  equivalents  of  the  Danian  Beds. 

The  strata  are,  on  the  whole,  of  shallow-water  origin,  and  were 
deposited  in  shallow  bays  in  the  Upper  Cretaceous  sea  of  Southern 
and  Central  Europe,  on  the  northern  flanks  of  the  Eastern  Alpa 
Probably  towards  the  close  of  Upper  Cretaceous  times  the  sontbem 
area  of  the  Gosau  District  was  cut  off  from  the  sea  to  form  a  lake- 
basin  in  which  the  upper  unfossiliferous  series  was  deposited. 

2.  **  Artesian  Borings  at  New  Lodge,  near  Windsor  Forest,  Berks." 
By  Prof.  Edward  Hull,  M.A.,  LL.D.,  F.R.S.,  F.G.8. 

The  boring  described  in  this  paper  was  carried  down  from  a  level 
of  about  220  feet  above  Ordnance-datum,  through  the  following 
beds : — 

Feet. 

J.a)uuOu  v/iaT     •••       ...       •••       •«•       •■•       •••       •»•      ■••  I  n^A 

Lower  London  Tertiarieft       ) 

>-'U'**'^     •••    •••    •••    •••    •••    •••    •••    •••    •••    i  ^o 

Upper  Greensand    31 

^'••^"•'      •••    •••    •••    •••    •••    •••    •••    •••    •••    •wTt 

Lower  Oreensand    7 

The  Chalk  was  hard,  and  contained  very  little  water;  but  on 
reaching  the  Lower  Oreensand  the  water  rose  in  the  borehole  to  a 
height  of  7  feet  from  the  surface. 

The  author  discusses  the  probability  of  the  Lower  Greensand 
yielding  a  plentiful  water-supply  in  the  Windsor  district 

3.  "Boring  on  the  Booysen  Estate,  Witwatersrand."  By  D. 
Telford  Edwards,  Esq.     (Communicated  by  the  President) 

An  account  is  given  of  a  boring  on  the  Booysen  estate,  situated 
about  2  miles  from  Johannesburg,  and  about  5000  feet  south  of  the 
nearest  point  of  outcrop  of  the  **  Main  Beef"  of  the  Witwatersrand. 
The  "Bird-Reefs"  crop  out  generally  at  a  distance  of  4000  feet 
south  of  the  main  Reef. 

The  borehole,  1020  feet  deep,  passed  through  sandstones  (often 
micaceous),  quartzites,  and  conglomerates,  the  last-named  having  a 
collective  thickness  of  91  feet  7  inches,  the  two  thickest  reefs  being 
respectively  26  and  22  feet  thick.  The  dip  of  the  beds  was  36°. 
Traces  of  gold  were  obtained.  All  the  reefs  were  highly  mineralized, 
principally  with  iron-pyrites,  and  belonged  to  the  "Bird-Beef" 
series  which  overlies  the  Main  Reef. 
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m.— January  10th,  1894.— W.  H.  Hadleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair.    The  following  oommanications  were  read  :— 

1.  *'  On  the  Bh»tio  and  some  Liassio  Ostracoda  of  Britain."  By 
Prof.  T.  Rupert  Jones,  F.R.8.,  F.G.8. 

In  this  paper  the  published  observations  on  the  oocurrenoe  of 
these  Microzoa  in  the  Rhsstio  and  Lower  Liassio  strata  of  England, 
chiefly  in  Oloucestershire  and  Somerset,  by  the  Bev.  P.  B.  Brodie, 
H.  E.  Strickland,  G.  Moore,  and  others,  are  first  of  all  recorded ; 
and  the  various  notices  of  the  so-called  Cypris  liassica  in  various 
palseontological  works  are  considered.  Numerous  specimens  sub- 
mitted by  the  Bev.  P.  B.  Brodie,  the  Bev.  H.  H.  Winwood,  and 
Mr.  E.  Wilson,  and  some  few  examined  in  the  Geological  Society's 
collection,  have  been  studied,  with  the  result  of  determining,  it  is 
hoped  satisfactorily,  the  characters  and  alliances  of  Dartointda  Uasaiea 
(Brodie)  and  of  six  or  seven  other  species  found  in  the  same  and 
the  associated  series  of  strata.  The  Dartoinula  globosa  (Duff),  from 
Linksfield,  Morayshire,  is  also  critically  re-examined  as  one  of  this 
interesting  series  of  Bhsstic  Ostracoda.  The  other  species  belong 
for  the  most  part  to  Oytheridea ;  thus  most  of  them  probably  lived 
in  brackish  or  estuarine  waters. 

2.  **  Leigh  Greek  Jurassic  Goal-Measures  of  South  Australia : 
their  Origin,  Gomposition,  Physical  and  Gbemical  Gharacters;  and 
Recent  Subaerial  Metamorphism  of  Local  Superficial  Drift."  By 
James  Parkinson,  Esq.,  F.G.S.,  F.G.S. 

This  paper  contains  an  account  of  the  lignitic  coal  of  Leigh 
Creek  and  associated  rocks.  Analyses  are  given,  as  illustrating 
comparisons  between  the  Leigh  Greek  coal  and  Jurassic  and  other 
coal-bearing  rocks  found  elsewhere.  The  author  discusses  the  origin 
of  the  Leigh  Greek  deposits,  and  describes  certain  peculiarities 
noticeable  in  the  superficial  materials,  which  he  discusses  in  another 
paper. 

3.  "  Physical  and  Ghemical  Geology  of  the  Interior  of  Australia : 
Recent  Subaerial  Metamorphism  of  Eolian  Sand  at  ordinary  atmo- 
spheric temperature  into  Quartz,  Quartzite,  and  other  stones."  By 
James  Parkinson,  Esq.,  F.G.S.,  F.G.S. 

South  of  the  Flinders  Bange  fragments  of  stone  of  all  sizes  are 
found  on  the  ground,  the  origin  of  which  the  author  discusses.  He 
maintains  that  they  were  formed  by  subaerial  metamorphism  of 
Eoliao  deposits. 


ACTION    OF    GLACIERS. 

Sir, — I  "wish  to  call  the  attention  of  geologists  more  experienced 
than  myself  to  the  Eidfjordsvand,  in  Norway,  from  which  I  think 
important  lessons  may  be  learnt. 

The  Eidfjordsvand  is  a  lake  about  4  miles  long  and  245  feet  deep, 
and  is  remarkable  for  its  desolate  grandeur.  The  river  that  forms 
the  Voringfos  flows  through  it  into  a  branch  of  the  Hardan^ei^^o\\\, 
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whioh  is  oalled  the  EiJQord,  and  is  about  three-qnartera  ol 
below  the  lake. 

Between  the  lake  and  the  fjord  ib  the  old  delta  of  the  rivei 
I  should  say,  160  feet  above  ita  present  level. 

The  problem  is,  how  can  the  delta  be  where  it  is,  witl 
lake  being  filled?  My  explanation  is  that  the  lake  has  been  1 
the  delta,  and  has  been  cleared  out  by  a  glaoier.    If  this  ezp 


be  correct  it  has  important  bearings  on  the  action  of  glacier 
not  think,  from  its  position  at  the  head  of  a  branch  fjcrd, 
from  the  sea,  where  the  tides  must  necessarily  be  weak,  that 
have  called  a  delta  can  be  entirely,  or  even  mainly,  a  sen 
this  point,  however,  might  be  investigated  by  someone  wh 
devote  more  time  to  the  question.  Williau  Ghdhc 

Nbw  n»rvaHSm  Club,  St.  JiUKa'a  Stkekt,  b.w. 


THE  SnBMARINE  CBUST. 
SiK, — Tt  is  obviously  a  matter  of  interest  to  obtain  some 
ledge,  however  alight,  about  the  constitution  of  the  eartb 
beneath  the  great  oceans.  The  faot  that  they  are  covered  bj 
layer  of  water,  while  it  precludes  the  possibility  of  eiamin 
snbjacent  rocks  directly,  gives  an  opportunity  for  gainin 
information  about  them  from  considerations  based  upoi 
attractive  force  npon  the  water  itself.  I  have  aocomplishe< 
thing  in  this  direction  in  chap,  xvii.  of  my  "  Physics  of  the 
Crust,"  supplemented  by  chap.  xxvi.  added  in  an  Appendix. 
In  his  "Introductory  Review"  to  "Annals  of  British  G 
1893,"  Professor  Blake  baa  thrown  a  doubt  upon  my  work, 
he  has  given  it  as  his  opinion  that  my  oaloulations  are  n: 
Your  Magazine  is  not  a  suitable  medium  for  a  mathematical 
sion,  but  I  hope  you  will  allow  me  just  to  say,  that  I  do  no 
the  validity  of  any  of  the  three  objections  he  haa  formulate 
afSrm  them  to  be  altogether  erroneous.  0.  Fii 

Hablton,  Cahbbidob. 
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THE  REV.  GEORGE  GORDON,  LL.D. 
Ews  bas  reached  us  of  the  death  of  this  veteran  geologist, 
be  advanced  age  of  92.  Bom  in  the  Manse  of  Urquhart, 
iyshire,  on  23rd  July,  1801,  the  son  of  the  late  Rev.  William 
Ion,  minister  of  Glenlivet,  he  entered  Marisohal  College, 
rdeen,  in  1815,  graduated  in  1819,  and  afterwards  studied 
Qity  at  Aberdeen  and  Edinburgh.  He  was  licensed  to  preach 
be  Presbytery  of  Elgin  in  1825,  and  was  presented  to  the  parish 
Jirnie  in  1832  by  the  patron,  Francis,  Earl  of  Moray. 
!e  was  thus  for  67  years  a  minister  of  the  Church  of  Scotland, 
^ears  of  which  he  ministered  uninterruptedly  to  the  parish  of 
lie,  near  Elgin.  He  was  the  second  oldest  minister  in  the 
rch,  and  one  of  the  two  oldest  graduates  of  the  University  of 
rdeen. 

rom  his  youth  upwards  Dr.  Gordon  was  devotedly  attached 
le  study  of  Natural  History.  In  1839  he  published  "Collectanea 
a  Flora  of  Moray,"  which  is  regarded  as  a  standard  authority 
the  botany  of  the  county,  and  he  was  instrumental  in  adding 
plant  Pinguicula  Alpina  to  the  British  flora.  He  also  contributed 
ers  on  the  fauna  of  Moray,  with  which  he  was  equally  conversant, 
the  **  Zoologist."  As  regards  archeeology,  and  in  fact  in  all 
ters  of  local  antiquarian  interest,  he  was  an  industrious  collector, 

might  always  be  found  to  the  front  investigating  anything  new 
lit  anything  old.  In  the  branch  of  geology,  there  has  been 
ody  in  the  neighbourhood  of  Elgin  who  has  pursued  a  closer 
ly  nor  acquired  such  an  intimate  knowledge  of  the  subject, 
t  formation  of  the  Old  Red  Sandstone,  in  particular,  long  engaged 

attention,  and  nothing  could  excite  in  him  a  livelier  interest 
1  any  new  discovery  of  fossil  remains.  In  fact  in  every  such 
»  it  was  customary  for  the  finder  to  appeal  to  Dr.  Gordon  of 
lie  for  an  explanation. 

[e  was  ever  ready  to  impart  his  knowledge  to  others,  and  felt 
ised  when  anyone  sought  to  share  in  his  investigations  :  his 
lusiasm  even  at  the  great  age  of  90  being  most  encouraging  to 
less.  Among  his  geological  services  may  be  mentioned  the 
juring  of  remains  of  a  number  of  fossil  reptiles  from  the  Elgin 
Istone,  some  of  which  have  been  described  by  Prof.  Huxley, 
trs  quite  recently  by  Mr.  E.  T.  Newton ;  the  more  recent  dis- 
jries  include  a  number  of  very  remarkable  forms,  and  one  of 
ie,  a  new  Dicynodont  genus,  has  been  named  Gordoma,  Dr. 
don  maintained  steadfastly  the  view  that  the  Elgin  Sandstones 
►nged  to  one  continuous  series  of  Old  Red  Sandstone  age  ; 
ew  that  is  not  supported,  however,  by  paljeontological  evidence, 
[is  efforts  in  connection  with  the  Elgin  Museum  are  well  known, 
ag  with  other  gentlemen  of  kindred  tastes,  he  was  influential 
'ounding  the  Elgin  and  Morayshire  Literary  and  Scientific 
>ciation. 
Itbough  in  November  last  nobody  would  have  expected  on  seeing 
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him  walking  along  the  street  with  the  hrisknesB  and  vigoar — one 
might  almost  say  of  youth — which  so  characterized  him,  that  his 
end  was  so  near.  But  a  severe  cold,  caught  at  the  end  of  the  month, 
developed  other  complications,  which  at  his  great  age  it  was  im- 
possible to  resist ;  and  it  was  not  with  surprise  that  many  received 
the  sad  intelligence  of  his  death,  which  occurred  at  his  residence  of 
Braebirnie,  Elgin,  on  the  morning  of  Tuesday,  12th  December.^ 

MR.  T.  C.  J.  BAIN,  OF  THE  CAPE  COLONY. 

Mr.  Thomas  Charles  John  Bain,  son  of  the  eminent  South- 
African  Geologist,  Andrew  Geddes  Bain,'  lately  died  at  Rondebosch, 
near  Cape  Town,  September  28th,  1893,  aged  sixty-four.  He 
inherited  his  father's  taste  for  engineering,  travel,  and  geological 
research,  with  a  strong  constitution  for  withstanding  hardships  of 
work  and  travel  in  the  wildest  parts  of  the  Cape  Colony.  In  1854 
he  succeeded  his  father  as  the  Inspector  of  Beads  (after  an  Assistant- 
ship  for  six  years)  and  District  Railway  Engineer.  In  1874  he 
was  the  District  Inspector  of  Roads,  and  in  1888  he  became 
Geological  and  Irrigation  Surveyor.  He  was  a  J.P.  for  the  whole 
of  the  Western  Province.  The  magnificent  roads  and  passes  in  the 
Colony  are  monuments  of  the  skill  of  father  and  son;  and  with 
both  of  them  opportunities  for  observation  and  discovery  were  not 
neglected ;  but  geological  results  of  great  importance  followed  the 
noting  of  sections  and  the  unearthing  of  fossils,  particularly  of  the 
numerous  great  and  small  reptilian  bones  and  skeletons.  Several  of 
these  are  known  specifically  by  the  appellation  of  Bainii,  after 
either  the  father  or  the  son.  One  particularly  interesting  skeleton 
of  the  great  Partasaurua  Bainii  was  unearthed  by  Mr.  T.  Bain  and 
Prof.  H.  G.  Seeley,  near  Fraserburg,  in  the  Nieuweld  Range,  about 
two  years  ago,  and  is  now  mounted  perfect  in  the  British  Museum 
(Natural  History),  London,  and  represented  by  a  good  model,  life- 
sized,  in  the  Museum  at  Cape  Town. 

Mr.  Thomas  Bain  furnished  some  of  the  earliest  Reports  on  the 
Colonial  gold-fields  of  Kuysa  and  Prince- Albert;  and  of  late  had 
been  successful  in  boring  for  water  in  British  Bechuanalaud  and 
elsewhere. 

The  widow  survives,  with  four  sons,  and  four  married  and  three 
unmarried  daughters.  One  of  the  sons  is  under  the  Civil  Commissioner 
of  Albany,  and  one  in  the  Public  Works  Department ;  and  we  may 
fairly  hope  that,  though  the  Country  has  lost  such  good  and  useful 
public  servants  as  A.  G.  and  T.  C.  J.  Bain,  yet  some  of  the  surviving 
successors  of  those  eminent  men  may  further  advance  the  scientific 
status  of  the  Colony,  and  add  to  its  prosperity  and  importance  by 
elucidating  its  geological  structure,  thereby  increasing  the  benefits 
derived  from  agriculture,  stock-growing,  and  mining ;  especially  by 
the  aid  of  good  water-supply  and  irrigation.  T.  R.  J. 

*  We  are  indebted  to  the  Moray  and  Nairn  Express y  of  December  16,  for  most  of 
the  above  particulars. 

'  An  obituary  notice  of  Mr.  A.  6.  Bain  appeared  in  the  Geolooical  MAOAznrB 
for  January,  1S64,  pp.  47,  48.    Mr.  Thos.  Bain  is  mentioned  therein  aa  an  already 
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I. — Four  Theobies  of   the  Age   and  Origin  of  the  Dahtmoor 

Granites. 

3y  A.  R.  Hunt,  M.A. 

FOUR  Theories  of  the  Age  and  Origin  of  the  Dartmoor  Granites 
have  been  lately  current,  viz. : — 

(1)  The  ordinary  Plutonic  of  Sir  H.  de  la  Beche. 

(2)  The  Laccolitic-Plntonin  of  Mr.  W.  A.  E.  Ussher.* 

(3)  The  Volcanic  of  Mr.  R.  N.  Worth.' 

The  above  all  assume  the  exclusively  post- Carboniferous  age  of 
the  granite,  owing  to  its  intrusion  into  the  adjacent  Carboniferous 
rocks ;  one  of  the  best  attested  facts  in  geology. 

(4)  The  combined  pre-Devonian  non-intrusive  and  post-Carboni- 
ferous intrusive  (both  plutonic),  advanced  by  myself  in  1889.' 

Mr.  Ussher  has  recently  withdrawn  his  provisional*  laccolitic 
hypothesis,  on  stratigraphical  grounds,  in  favour  of  one  which  is 
practically  equivalent  to  No.  4.* 

As  it  is  impossible  to  compress  the  work  of  some  four  years  into 
a  magazine  article,  the  present  paper  must  be  confined  to  a  sketch  of 
my  main  argument. 

My  friend  Mr.  Worth  has,  with  characteristic  generosity,  lent  me 
the  diagrammatic  woodcut  illustrating  his  ideal  volcano ;  accompanied 
by  the  following  remark  :  "  Please  do  not  limit  your  views  of  me ; 
}ou  owe  it  to  yourself  to  make  your  case  as  strong  as  possible,  and 
we  shall  not  differ  outside  our  theories."  A  too  generous  opponent 
indeed,  and  one  hard  to  oppose. 

The  following  woodcut  was  published  to  illustrate  Mr.  Worth's 
paper,  **The  Dartmoor  Volcano,"  Trans.  Plymouth  Inst.  1888-89. 

Mr.  Worth  brought  his  theory  in  the  plainest  language  before  the 
Geological  Society  in  1889,  when  it  was  discussed  by  our  leading 
petrologists,  apparently  accepted  by  Prof.  Bonney  and  Mr.  Hudleston, 
and  not  objected  to  on  principle  by  anyone.*' 

Primd  facie,  however,  there  seems  a  serious  objection  to  Mr. 
Worth's  volcanic  hypothesis,  as  it  involves  the  *'  Elevation-crater 
theory  "  pure  and  simple.' 

^  Trans.  Devon.  Assoc,  vol.  xx   p.  154. 

*  **  The  Dartmoor  Volcano,*'  Trans.  Plymouth  Institution,  etc.,  1888-89. 

'  Trans.  Devon.  Assoc,  vol.  xxi.  p.  238.     *  Trans.  Devon.  Assoc,  vol.  xx.  p.  166. 

*  Proc.  Som.  Archfieological  Soc.  vol.  xixviii.  p.  204. 

*  Q.J.G.S.  vol.  xlvi.  pp.  80-82. 

'  See  Geikie,  Text  Book  of  Geology,  pp.  241,  242. 

[The  publication  of  this  article  has  been  unavoidably  delayed. — Edit.  Geol.  M/iq.\ 
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I  woald  Teotarfi  to  iiibtDit  this  preliminary  point  to  peol 
before  making  any  attempt  to  discuss  tbe  volcanio  theory  of  Dai 
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cgs    de^3    tp^m 

"  DlAORAUMATIC   RBCOSBTacCnOK   OF   DlBTMOOA. 

It  muit  be  nnderalood  tbnt  thie  (ketch  ii  diagranimstic  sod  hu  no  pn 
to  scale,  and  that  it  ia  mainly  sug^^tiis  and  purpoeelj  made  u  aimple  in 
ditiont  as  pouible.  All  below  the  horizonCal  lioe.  which  lepresenlt  datam,  i 
hypothstical ;  and  all  abate  the  cnrred  line,  which  indicalea  generallj  the 
■urface  contcur  of  the  Moor  and  botdeiini;  rocks  from  north  to  south.  Tht 
■Iracture  hui  been  removed.  A,  represenla  Carboniferons  rocks;  B,  De 
C.  Granite;  D,  Polsile  ;  E,  Volcanic  Msisrial  and  EjwtmBnta.  The  we 
intrusion  of  the  granite  has  tilted  and  broken  throujrb  the  upper  Or  Carbo 
rocks,  and  has  tlirust  as  weil  as  heated  tbe  lower  or  Devonian. 

My  own  preTDevonian  hypothesis  was  first  advancetl  j 
TaviBtock  meeting  of  the  Devonshire  Asaociation  :  on  wliich  oc 
the  following  epitome  of  my  pnper.  with  the  valuable  conim< 
the  President,  Mr.  W.  H.  Hudlestnn,  F.R.8.,  appeared  ■ 
"  Western  Morning  News."  As  reporters  could  have  made  n 
of  .BO  technical  a  subject,  I  condiide  that  the  President's  n 
were  personally  revised  for  tbe  Pres«.  as  was  my  owu  abstrao 

"  Tbe  Age  of  the  Oranilea  of  Dartntoor  and  the  Englith  Ci, 
Mr.  A.  R.  Hunt  read  a  paper  on  the  Relation  of  the  Grai 
Dartmoor  to  the  Granites  of  the  English  Channel.  The  autbo 
attention  to  the  following  points  of  difference  between  the  g 
of  Dartmoor  and  those  trawled  in  the  English  Channel ; 
Dartmoor  granites  were  chamcterized  by  fracture,  by  tbe  fr 
presence  of  tourmaline,  and  were  not  gneiasose.  The  C 
granites  indicated  compression,  were  sometimes  homblendi 
were  aSBOoiated  with  gneisses.  The  Dartmoor  granites  were 
■ecled  by  injected  and  infilttated  veins.  No  veinstones  (thong 
were  very  durable)  had  been  forthcoming  from  the  Channel, 
quartzes  in  the  Dartmoor  granites  and  in  both  classes  of  veit 
tained  flnid  inclusions  of  brine,  with  cubic  crystals  of  salt,  t 
had  been  detected  in  the  Channel  granites.  Chiastolite  oocui 
tbs  borders  of  Dartmoor,  kyanite  in  tbe  Bolt  schists  border! 
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Channel  ^^-chemioally  identical,  they  differed  only  in  specific  gravity, 
the  heavier  mineral  indicating  the  greatest  compression.  From  these 
facts  the  author  argued  that  the  Channel  and  Dartmoor  granites  were 
hoth  originally  of  pre- Devonian  and  prohahly  of  Archaean  age.  That 
after  the  deposition  of  the  Devonian  and  Carboniferous  rocks,  the 
Dartmoor  area  was  fissured  by  the  same  earth-movements  which 
compressed  the  Channel  area.  The  sea  obtained  no  access  to  the 
Channel  granite,  but  penetrated  the  Dartmoor  area.  The  crushing 
of  the  lower  rocks  supplied  the  heat,  whilst  the  sea  supplied  the 
water,  which  under  high  pressure  dissolved  the  Archsean  granite  to 
be  reconsolidated  with  salt  here  and  there  caught  up  in  its  quartzes. 
The  reconstituted  granites  traversing  the  culm  slates  were  truly 
poet-Carboniferous  ;  but  the  mass  of  Dartmoor  is  Archsdan,  occasion- 
ally altered  by  super- heated  brine  accompanied  by  boracic  acid. 

**  The  President  said  it  was  unquestionable  that  a  very  ingenious 
theory  had  been  propounded  by  Mr.  Hunt,  although  very  different 
to  that  which  had  been  hitherto  held  by  most  geologists.  Without 
going  very  closely  into  the  question,  or  dealing  otherwise  than 
Boperficially  with  the  paper,  he  thought  it  was  perfectly  clear  that 
the  Dartmoor  granite  and  the  Channel  granite  were  of  quite  a 
diffierent  age,  and  had  an  entirely  different  origin.  To  that  extent 
he  was  in  conformity  with  the  views  of  the  author.  But  the  granites 
were  quite  different  mineralogically.  There  was  one  very  great 
difference,  namely,  that  the  Channel  granites  were  not  metalliferous 
in  the  way  that  the  Dartmoor  granites  were.  There  were  no  granites 
in  the  British  islands  which  were  so  metalliferous  as  the  Devon  and 
Cornwall  granites,  and  it  appeared  to  him  that  they  had  a  very 
different  origin  to  other  granites.  For  that  simple  reason,  as 
regarded  the  age  of  the  Dartmoor  granite,  it  appeared  to  him  that 
the  usual  view  that  it  was  post-Carboniferous  was  the  one  most  in 
accordance  with  the  facts  of  the  case,  as  far  as  he  had  been  able  to 
judge.  But  when  they  came  to  the  differences  of  the  mineral  com- 
position of  these  granites,  he  thought  they  had  further  proof  that  the 
alteration  of  Dartmoor  granite  had  been  produced  subsequently  by 
the  numerous  fissures  formed.  These  fissures  had  been  more  or  less 
injected  by  corroding  aqueous  vapours  containing  large  quantities 
of  chlorides  and  fluorides  of  heavy  metals.  These  crystals  of  salt, 
which  Mr.  Hunt  had  found  in  such  considerable  quantity,  he  thought 
(it)  excessively  probable  had  been  formed  from  hydrochloric  acid  gas 
acting  on  the  soda  in  the  rocks.  That  appeared  a  very  much  more 
reasonable  explanation  of  the  origin  than  that  they  came  from  the 
sea,  or  had  anything  to  do  with  the  sea  whatever." 

The  question  as  to  the  marine  or  plutonic  origin  of  the  brine- 
inclusions  referred  to  is  of  transcendent  importance  in  connection 
with  the  question  as  to  whether  the  water  ejected  by  volcanoes  is  of 
meteoric  or  marine  origin,  or  derived  from  the  interior  magma. 

Hypotheses  that  might  meet  the  case  of  pure  water  might  well 
fail  to  explain  the  presence  of  the  chlorides  of  sodium  and  |K)ta.ssium. 

Having  carefully  examined  the  rocks  in  the  light  of  Mr.  Hudleston's 
*  Note.    Withdrawn,  Geol.  Mao.  1892,  p.  291. 
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suggestion,  I  siibmitted  the  qnestion  to  the  British  Association  at 
Leeds.  The  following  extract  is  from  the  published  abstract  of  my 
paper : — 

"  The  theory  of  the  marine  origin  of  the  saline  inclusions  in  the 
Dartmoor  rocks  seems  to  harmonize  well  with  the  view  commonly 
entertained  that  the  chlorine  and  chloride  of  sodium  emitted  by 
volcanoes  are  derived  from  the  sea.' 

"  In  the  case  of  volcanoes  the  presence  of  hydrogen  and  chlorine 
may  be  accounted  for  by  the  dissociation  of  the  water  and  of  the 
chloride  of  sodium  by  the  intense  heat,  and  the  c(»mbination  of  the 
two  gases  thus  formed  would  result  in  the  production  of  hydro- 
chloric acid. 

"  In  the  case  of  the  cooler  granites  there  is  no  question  of  dis- 
sociation and  of  gases,  but  of  the  entanglement  of  brine  and  steam 
at  more  moderate  temperatures. 

"Thus  the  access  of  salt  water  to  highly  heated  rocks  seems  to 
account  for  some  of  the  more  important  gases  emitted  by  lavas 
and  of  the  more  characteristic  fluid  inclusions  caught  up  by  granites. 

**  An  alternative  theory,  that  tl!e  crystals  of  salt  in  the  Dartmoor 
rocks  *had  been  formed  from  hydrochloric  acid  gas  acting  on  the  soda 
in  the  rocks/  does  not  seem  to  the  author  to  account  for  the  crystals 
in  the  quartz-veins  of  the  culm  slates,  or  to  explain  the  complete 
permeation  of  the  granite  by  the  chloride  of  sodium.  Moreover, 
the  one  theory  accounts  for  the  presence  and  origin  of  the  hydro- 
chloric acid  as  well  as  of  the  soda,  whereas  the  other  has  to  assume 
the  previous  existence  of  soda  and  the  advent  of  hydrochloric  acid 
from  unknown  quarters." ' 

The  very  title  of  this  paper  was  omitted  from  the  newspaper 
reports,  it  being  dismissed  as  being  merely  of  local  interest ! 

Mr.  Ussher's  last  paper  referring  to  Dartmoor  appeared  in  1892, 
and  General  Mc^Mahon's  in  1893.  In  the  discussion  which  ensued  on 
the  reading  of  the  latter,  Professor  Bonney  is  reported  to  have  said 
that  "In  his  opinion  Mr.  Ussher's  theory  was  quite  untenable.  If 
the  fusion  of  a  peripheral  portion  of  the  Dartmoor  mass  was  due  to 
crushing  ....  Was  there  any  evidence  that  a  rock  could  be  fused 
by  pressure  alone,  any  more  than  by  a  gentle  stewing  in  sea-water 
which  also  had  been  suggested  ?  ...  No  good  was  done  for  science 
by  proposing  hypotheses  which,  in  avoiding  one  difficulty,  raised  a 
number  of  others  far  more  formidable."'  On  the  same  occasion 
General  Mc*Mahon  said  that  "  the  word  used  by  Mr.  Ussher  was 
*  fusion,'  and  it  was  applied  to  the  results  of  the  N.and  S.  squeeze  on 
the  rigid  and  obstructing  pre-Devonian  rocks."* 

There  seems  great  misapprehension  here.  So  far  from  Mr.  Ussher 
attributing  fusion  of  the  Dartmoor  granite  to  **  pressure"  or  ** crush- 
ing," or  to  a  •*  N.  and  S.  squeeze,"  he  seems  never  even  to  have  used 
the  terms  "pressure"  or  "crushing"  in  reference  to  the  granite, 
and  his  only  suggestion  of  a  possible  source  of  heat  appears  to  be 
"arise  of  the  isogeotherms  or  plutonic  action"  (a  quotation  from 

'  See  Characteristics  of  Volcanoes,  J.  D.  Dana,  p.  8. 
*  Jieport  Brit,  Absoc.  1890,  p.  816.    »  Q.J.G.S.  vol.  xlix.  p.  397.     *  Zoe.  eit.  p.  897. 
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my  own  paper).  He  also  states  that  "  the  metainorpbtsm  (in  the 
granites)  was  produced  after,  and  perhaps  as  a  nevfr  phase  in,  the 
great  dynamic  movements  to  which  the  contortion  and  cloavage  of 
the  Pala^ozoio  rocks  are  due."*  And  in  another  place  we' loam  that 
the  fusion  of  the  obstructive  masses  took  place  after  the  meehanical 
effects  produced  by  their  obstruction  had  attained  their  maxut^a.^' 

So  far  as  1  oan  gather  from  a  careful  study  of  Mr.  Ussher's  and 
General  McMahon's  papers,  Mr.  Ussher's almost  incidental  references 
to  the  behaviour  of  the  granite  itself  (for  his  main  point   is  (he- 
sedimentary  rocks)  have  been  misapprehended. 

It  would  almost  appear,  however,  that  Prof.  Bonney's  questions, 
whilst  missing  their  mark  in  Mr.  Ussher,  force  me  to  take  the 
defensive,  owing  to  my  having  written — **The  crushing  of  the  lower 
rocks  supplied  the  heat**'  This  hypothesis,  whether  tenable  or  not, 
is  fairly  orthodox,  for,  assuming  that  '*  pressure  *'  is  used  here  for 
friction  or  crushing  (the  results  of  pressure),  we  may  turn  to  Mallet 
for  experiment,  and  to  Callaway  for  observation.  Mr.  R.  Mallet, 
F.R.S.,  has  the  following  passage  in  the  Quarterly  Journal  of  the 
Geological  Society: — "The  writer  has  thus  shown  that  crushing 
alone  of  rocky  masses  beneath  our  earth's  crust  may  be  sufficient 
to  produce  fusion."^  Describing  a  particular  rock,  Dr.  Callaway 
writes  in  the  same  publication  : — **  During  the  metamorphisiu 
partial  fusion,  resulting  in  plasticity,  took  place.  This  effect  is  found 
so  often  to  occur  where  the  shearing  is  at  its  roaxinium,  while  the 
adjacent  rock  is  merely  a  crushed  solid,  that  the  generation  of  heat 
by  the  shearing-process  becomes  a  probable  inference.*** 

It  may  be  as  well  to  point  out  that  I  never  suggested  a  crushing 
of  any  portion  of  the  Dartmoor  granites  that  has  ever  been  seen 
by  man.  As  already  stated,  the  Dartmoor  granites  as  exposed  to 
view  are  "characterized  by  fracture,'**  and  instead  of  indications  of 
pressure  there  is  every  sign  of  relief  of  presHure.  Felspars  and 
quartzes  are  occasionally  split  by  divisional  planes  and  re-cemented  ; 
but  I  know  of  no  instance  even  of  dislocation,  much  less  of  crushing 
or  shearing,  in  the  main  mass  of  the  granite.  However,  there  is 
nothing  to  prevent  the  upper  crust  having  been  in  a  state  of  strain, 
wliile  lower  horizibns  were  under  stress,  so,  in  these  latter,  dynamic 
Jiction  may  well  have  supplemented  the  earth's  heat  in  producing  the 
comparative  moderate  temperatures  indicated  by  the  granite.  With 
respect  to  the  "fusion  ....  by  a  gentle  stewing  in  sea- water** 
referred  to  by  Professor  Bonnejs  it  is  possible  my  critic  may  have 
misunderstood  the  following  sentence,  viz.  *'  altered  ....  by 
moderate  heat  in  the  presence  of  salt  water.**'  By  moderate  heat 
I  merely  meant  a  temperature  not  much,  if  at  all,  exceeding  the 
critical  temperature  of  water,  and  the  term  was  used  relatively  to 
volcanic  temperatures,  which  latter  neem  inadmissible  if  only  because 
tbi>y  would  dissociate  the  elements  in  the  chloride  inclusions. 

*  Proc.  Somerset  Archaeological  Soc.  vol.  xxxviii.  p.  217. 

2  Loc.  cit.  p   208.  *  See  ante,  p.  99.  *  Q.J.G.S.  vol.  xxxi,  p.  517. 

*  Q  J.G  S.  vol.  ilix,  p.  422.  •  See  uute,  p.  98. 
'  Heport  Brit.  Atfsou.  Ib89.  p.  670. 
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Tlie  part U/tikr  point  I  desire  to  emphasize  on  the  present  occasion 
is  the  intin^afc:  association  in  tlie  Dartmoor  area  of  fluid  inclusions, 
containijij^  cubic  and  other  crystals,  with  fluid  inclusions  consisting 
appar(iu'i]y;or  plain  water. 


Fio.  II. 


Fio.  III. 
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In  a  slice  of  a  veinstone  from  near  Manaton  there  is  an  hexagonal 
crystal  of  quartz  about  -j^a  incli  in  diameter.  The  gradual  growth 
of  this  crystal  is  defined  by  tourmaline  and  tourmaline  niicroliths.^ 
It  is  crowded  with  inclusions,  both  irregular  and  with  crystalline 
outlines  (i.e.  negative  crystals).  We  can  see  that  it  has  never  bfen 
viscid,  plastic,  or  colloid,  or  anything  else  than  a  mineral  gradually 
crystallized  out  from  solution. 

Within  this  crystal,  and  not  more  than  7?7jTnr  inch  apart,  there 
are  two  inclusions,  both  of  them  negative  hexagons,  with  small 
bubbles ;  but  one  contains  a  cube,  and  the  other  contains  none.  There 
is  also  a  negative  hexagon  with  a  relatively  large  bubble,  timhj  inch 
distant  from  an  irregular  inclusion  with  a  very  minute  bubble. 

Among  the  liquid  inclusions,  as  figured  above  (Fig.  II.),  there  is  a 
tourmaline  microlith  which  seems  to  have  caught  up  a  cube  of  some 
chloride  during  crystallization.  The  inclusions  drawn  are  selected, 
and  not  in  their  relative  positions,  excepting  the  two  couples  within 
small  circles. 

^  See  Trans.  Devon.  Assoc,  vol.  xxi.  p.  261,  plate,  fig.  3. 
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On  the  second  cut  (Fig.  III.)  are  drawings  selected  from  six 
specimens,  of  wliich  the  five  lower  ones  deserve  special  notice,  viz., 
commencing  with  the  lowest : — 

(1)  Quartz  vein  in  Culm  slates,  valley  below  Becky  Falls. 

(2)  •*  Ditsworthy — vein  is  intrusive  in  a  tongue  of  slate  which 
extends  into  the  granite  across  the  Plyra  valley  from  Kingmoor~-a 
very  narrow  strip."     (Worth.) 

Quartz,  decomposed  felspar,  white  mica,  brown  tourmaline  decom- 
posing into  green.  A  very  remarkable  rock,  with  inclusions  (as 
Bbowu  above)  varying  to  the  utmost  extreme. 

Fio.  IV. 


(3)  Bhickinstone  Quarry,  and  (4)  Honeybag  Tor,  ordinary 
granites. 

(5)  Ilamel  Down,  quartz-felspar-tourmaline  vein ;  negative  crystal 
apparently  based  on  the  rhomboidal  pribm. 
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It  will  be  observed  that  the  same  type  of  liqnid  inclusions,  in 
similar  variety,  can  be  traced  from  the  simple  quartz  vein,  through 
various  injected  or  infiltrated  compound  veins,  to  the  ordinary 
granite  of  Dartmoor. 

Description  of  Fig.  IV. : — 

(1)  Liquid  inclusions  in  a  quartz- vein  in  Culm  slate  in  the  valley 
below  Houndtor  Wood,  south  of  the  Becka  brook. 

(2)  Liquid  inclusions  in  the  quartz  of  Trowlesworthite. 

(3)  Inclusions  with  one  and  two  liquids  in  a  granite  (No.  20) 
trawled  in  English  Channel  (for  comparison). 

(4)  Liquid  inclusions  from  normal  porphyritio  Dartmoor  granite, 
Hey  tor  Quarries. 

(5)  Liquid  inclusions  in  a  crystal  of  Apatite  enclosed  in  tlie 
quartz  of  Trowlesworthite  (No.  2).  The  Apatite  contains  plain 
fluid  ;    the  quartz,  water  and  cubic  crystals. 

All  magnified  according  to  linear  scale  of  -nsVi)  inch  as  given. 

The  following  description  of  a  contact  slide  between  coano 
granite  and  a  micro-granite  vein  in  Lnstlei^j^h  Cleave  applies  with 
equal  accuracy  to  the  Ditsworthy  vein  figured  above: — 

(1)  Irregular  inclusion  with  cube;  hexagon  with  cube;  rhomb 
with  cube. 

(2)  Irregular  inclusion  with  cube  and  bubble ;  hexagon  with 
cube  and  bubble. 

(3)  Irregular  inclusion  with  bubble;  hexagon  with  bubble;  gas 
inclusion. 

The  chief  absent  variety  here  is  one  present  in  the  Ditsworthy 
rock,  viz.,  the  simple  fluid  inclusion  without  cube  or  bubble  ;  it  may 
possibly  have  been  present  and  been  overlooked. 

These  extreme  variations  are  all  of  them  intelligible  in  the  case 
of  the  veinstones,  as  we  may  regard  the  fissures,  in  which  the  latter 
were  crystallized,  as  tubes  capable  of  resisting  any  pressure.  Then 
with  volcanic  heats  below  and  cooler  regions  above,  and  with  the 
fissures  charged  with  saline  and  acidulated  waters,  we  seem  to  have 
all  the  apparatus  ready  prepared  for  a  laboratory  experiment  on  a 
grand  scale,  calculated  to  produce  the  phenomena  we  now  see  in  the 
resultant  veinstones.  But  how  are  we  to  account  for  these  identical 
phenomena  when  occasionally  reproduced  in  the  main  mass  of  the 
granite?  Is  it  possible  to  apply  the  explanation  that  meets  the  case 
ot  the  veins,  or  is  there  any  alternative  explanation  forthcoming? 

On  the  assumption  that  Dartmoor  as  a  whole  was,  in  Carboni- 
ferous times,  a  liqnid  or  viscid  magma,  how  are  we  to  explain  the 
differences  of  pressure  and  of  solubility  of  chlorides,  indicated 
throughout  almost  every  cubic  inch  of  its  mass?  No  explanation 
has  ever  been  offered,  geologists  having  found  it  far  more  easy  to 
minimise  the  importance  of  the  facts  than  to  account  for  them. 

It  is  usually  admitted  that  the  tourmaline  of  Dartmoor  is  commonly 
a  secondary  mineral ;  or,  as  its  presence  implies  the  introduction  of 
two  new  elements  into  the  granite  (fluorine  and  boron),  it  is  perhaps 
more  accurately  described  as  an  imported  mineral.     Assuming  the 
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existence  of  an  ancient  granite,  a  sufficient  explanation  suggests 
itself,  both  of  the  presence  of  the  imported  tourmaline  and  of  the 
imported  chlorides.  If  a  piece  of  granite  be  heated  in  an  ordinary 
fire,  even  to  a  bright  red  heat,  and  cooled,  \ts  general  appearance 
is  not  much  affected;  it  is  still  rigid  enough  to  be  sliced  for  the 
microscope,  but  differential  expansions  in  its  dissimilar  minerals  have 
rendered  it  permeable  by  fluids,  as  can  be  readily  tested  by  a  dye, 
such  as  aniline.  Now,  if  a  deep-seated  granite  were  exposed  to 
alterations  in  temperature  sufficient  to  set  up  such  differential  ex- 
)>ansion8,  the  most  compact  rock  would  be  minutely  cracked  through- 
out, and  be  rendered  permeable  by  liquids  and  gases,  especially 
under  pressure.  The  doctrine  of  the  rise  and  fall  of  the  earth's 
internal  heat  through  the  crust,  by  the  deposition  and  denudation 
of  sediments,  has  long  been  accepted  by  geologists.  All  we  require 
is  an  application  of  this  doctrine  to  Dartmoor,  so  that  our  granite, 
before  or  during  Carboniferous  times,  should  have  suffered  sufficient 
alterations  of  temperature  to  render  it  porous,  and  so  lay  it  open  to 
the  invasicm  of  solvent  liquids  or  gases.  Indeed,  many  granites  are 
so  rotten  and  decomposed,  from  whatever  cause,  that  they  suck  up 
fluids  like  a  sponge. 

Now  a  porous  granite  being  granted,  there  is  little  further  diffi- 
culty ;  for  although  some  modern  geologists  decline  to  entertain  the 
hypothesis  that  sea-water  could  gain  access  to  heated  granite  and 
set  up  chemical  changes  therein,  the  weight  of  the  evidence  is 
against  them.  Years  before  a  section  was  cut,  or  the  chlorides  in 
liquid  inclusions  discovered  by  Dr.  Sorby,  the  almost  omniscient 
I>e  la  Beche,  with  well  nigh  incredible  foresight,  pointed  out  the 
probability  of  saturated  solutions  of  salt  being  accumulated  in 
granite,  by  sea-water  obtaining  access  to  the  rock  when  highly 
lieated.*  De  la  Beche  also  pointed  out  the  important  chemical 
effects  which  the  various  salts  dissolved  in  sea- water  might  be 
expected  to  have  on  the  granite  itself.* 

Given  a  porous  granite,  covered  by  sedimentary  rocks  thick 
enough  to  bring  the  internal  heats  within  reach  of  a  superincumbent 
ocean,  and  we  have  all  the  madiinery  requisite  for  the  solution  of 
quartz^  and  silicates;  and,  with  the  addition  of  fluorine  and  boron, 
for  their  rede{x>Hitiun  in  a  variety  of  forms  such  as  quartz,  tourma- 
line, topaz,  fluor  spar,  and  triclinic  felspars;  all  of  which  occur  as 
intn)duced  minerals  in  the  west  country  granites. 

The  late  Mr.  J.  A.  Phillips  has  recorded  the  occurrence  of  saline 
water  in  Huel  Clifford  mine,  13:i0  feet  below  the  sea- level.*  Prof. 
Le  Conte  has  calculated  that  at  a  depth  of  10,000  feet  below  the 
surface  the  temperature  would  be  230  F.,^  a  very  moderate  depth  in 
terms  of  ocean  soundings,  being  1666  fathoms.  But  even  230  F. 
is  a  temperature  not  to  be  neglected,  seeing  that  the  glass  tubes 
of   the   water   gnages  of   ordinary   locomotives   become    corroded. 

^  Report  on  the  Geology  of  Cornwall,  Devon,  etc.,  p.  378.        '  Lne.  eit.  p.  387. 
'  Mr.  J.  B.  HaniwT  has  kindly  informed  me  that  he  has  dissolved  quartz  in  super- 
heated steam  and  proanced  transparent  quartz  cry«tals  thereby. 
«  Phil.  Mag.  1873  (2).  p.  32.  »  Loc.  eit,  p.  45. 


106  A,  a.  Hunt — Age  of  the  Dartmoor  Granites. 

However,  in  the  ease  of  Dartmoor,  there  is  no  necessity  to  limit 
the  temperature  to  that  of  the  isogeotherm  of  the  granite  itself  in 
post-Car honiferous  times ;  as,  on  our  hypothesis  of  the  rock  being 
permeable  by  liquids,  the  heated  gases  and  liquids  may  have  been 
derived  from  much  lower  levels. 

But  to  return  to  the  evidence  of  the  associated  saline  and  fresh- 
water inclusions :  these  seem  to  indicate  a  consolidated  granite, 
subsequently  heated,  cracked,  and  permeated  by  liquids.  Tlie 
question  at  once  arises  whether  this  granite,  the  original  granite 
of  Dartmoor,  first  consolidated  before  or  after  the  deposition  of  the 
adjacent  Devonian  and  Carboniferous  rocks?  If  after  their  de- 
position, it  is  jnexplicable  how  a  mass  of  heated,  deep-seated  granite, 
supposed  by  many  to  be  even  volcanic  in  character,  twenty  miles  in 
diameter,  and  which  as  such  must  have  taken  centuries  to  cool, 
could  have  had  so  little  effect  on  the  adjacent  sedimentaries  as  to 
fail  in  every  known  instance  to  obliterate  the  exact  point  of  contact 
If  before  their  deposition,  then  the  granite  is  pre-Devonian,  which 
is  the  point  of  my  argument. 

It  seems  likely  enough  that  a  partial  aqueo-igneous  scilution  of 
the  ancient  Dartmoor  granite,  accompanied  by  earth  movements  in 
post-Carboniferous  times,  would  have  resulted  in  the  injection  of  the 
dissolved  material  into  fissures  of  all  kinds,  and  especially  iuto 
the  main  lines  of  weakness  between  the  granite  and  the  adjacent 
sedimentaries.  Thus  all  the  local  contact-alterations,  so  insufficient 
if  attributed  to  the  action  of  the  main  mass  of  the  granite  on  its 
primary  consolidation,  would  find  an  adequate  cause  in  the  contact 
of  the  newer  intrusive  or  re-constituted  granites,  which,  so  far  as 
I  am  aware,  never  occur  in  any  considerable  mass  relatively  to  the 
whole  crystalline  area. 

It  would  greatly  facilitate  further  research  in  the  Dartmoor  area, 
if  the  following  three  points  could  be  definitely  decided  : — 

(1)  Whether  the  volcanic  hypothesis  is  tenable? 

(2)  Whether  the  chlorides  in  the  quartzes  are  of  marine  or  plutonic 
derivation? 

(3)  An  explanation  of  the  immediate  juxtaposition  of  brine  and 
fresh-water  inclusions. 

It  is  to  be  regretted  that  the  problems  connected  with  fluid  in- 
clusions excite  at  the  present  time  so  little  interest,  even  when  not 
treated  with  absolute  contempt.  Some  of  them  aie  perplexing 
enough.  Take  for  example  Trowlesworthite.*  In  my  slide  of  this 
rock  a  certain  crystal  of  Apatite  (identified  by  Mr.  Barker)  contains 
liquid  inclusions  with  small  and  active  bubbles  and  with  no  indication 
of  chlorides  ;  whereas  the  quartz  contains  some  inclusions  with  salts 
and  others  apparently  without.  This  rock  thus  presents  even  greater 
complications  than  the  granite  mentioned  by  Dr.  Sorby  in  which  the 
felspars  contained  fresh  water  and  the  quartzes  brine.^ 

At  the  time  that  Dr.  Sorby  delivered  his  Presidential  Address  to 
Section  C.  at  Swansea,  it  was  generally  supposed  that  while  super- 

*  See  Worth,  Trans.  Dev.  Absoc.  toI.  xix,  p.  494. 
>  Hep.  Brit  Assoc.  1880,  p.  670. 
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heated  water  dissolved  solids,  superheated  steam  above  the  oritical 
temperature  did  not  do  so.  The  brine  and  freshwater  inclusions 
were  therefore  explicable  on  the  hypothesis  that  the  felspars  caught 
up  compressed  non-solvent  steam  above  the  critical  temperature,  and 
that  the  quartzes  caught  up  solvent  water  under  that  temperature. 
Of  late  years,  however,  experimentalists  seem  agreed  that  compressed 
gas  above  the  critical  temperature  has  even  greater  solvent  properties 
than  the  superheated  liquid  under  that  temperature.  Thus  the 
hypothesis  that  the  purity  of  the  water  in  di£ferent  minerals  may  be 
owing  to  the  inclusion  of  highly  compressed  non-solvent  steam 
above  the  critical  point  seems  to  break  down.  It  seems  possible 
that  certain  experiments  made  by  Mr.  J.  B.  Han  nay  may  clear  up 
this  particular  difficulty.     According  to  Mr.  Hannay, 

(1)  "Gas  must  have  a  certain  density  before  it  will  act  as  a 
solvent,  and  when  its  volume  is  increased  more  than  twice  its  liquid 
volume  its  solvent  action  is  almost  destroyed"  (Proc.  Roy.  Soc. 
vol.  XXX.  p.  486). 

(2)  **  Retaining  the  volume  the  same,  the  higher  the  temperature 
the  greater  the  solvent  power"  (Proc.  Roy.  Soc.  vol.  xxx.  p  486). 

(3)  '*  The  vaporous  state  can  be  clearly  defined  as  a  distinct  state 
of  matter." 

"  A  vapour  over  a  liquid  holding  a  coloured  solid  in  solution  is 
colourless,  but  on  passing  the  critical  temperature  the  whole  becomes 
coloured  "  (Proc.  Roy.  Soc.  vol.  xxxiii.  p.  321). 

Thus,  according  to  Mr.  Hannay,  superheated  water  under  the 
critical  point  is  a  solvent  liquid.  Superheated  steam  under  the 
critical  point  is  a  non-solvent  vapour.  Superheated  steam  over 
the  critical  point  is  a  gas,  and,  if  compressed  to  two  volumes  of  the 
liquid  and  less,  is  a  solvent. 

In  the  case  of  the  felspar  and  apatite  above  referred  to,  if  these 
minerals  crystallized  below  the  critical  temperature,  but  under 
pressure  not  sufficient  to  compress  the  vapour  into  liquid,  they 
would  enclose  compressed  non-solvent  vapour,  which  would  ulti- 
mately condense  into  fresh  water.  Another  explanation  of  these 
minerals  enclosing  plain  water,  even  above  the  critical  point,  would 
be  the  absence  of  chlorides,  or  of  soluble  minerals  alien  to  the  grow- 
ing crystals,  during  the  process  of  crystallization. 

Liquid  inclusions  of  the  normal  type  in  granitoid  rocks  contain 
plain  water  with  mobile,  and  sometimes  very  active,  bubbles.  In- 
clusion of  salts  are  exceptional.  The  presence  of  fresh  water  during 
crystallization  of  the  quartz  would  account  for  the  one  sort ;  and  the 
presence  of  sea  water  would  account  for  the  other.  The  difficulty 
lies  in  the  rapid  alterations  from  fresh  water  to  salt,  and  vice  versa. 

The  analogy  of  the  marine  boiler  and  engine,  with  condensation 
of  fresh  water  in  the  condenser,  and  possibly  in  the  cylinders,  and 
with  accumulation  of  brine  in  the  boiler,  suggests  a  possible  ex- 
planation of  these  complicated  inclusions,  viz.  heat  acting  on  salt 
water  under  pressure  producing  rapid  alternations  of  brine,  steam, 
and  fresh  water,  during  the  crystallization  of  the  minerals  concerned. 
It  may  be  noticed  that  the  variations  are  often  so  great,  and  the 
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alternations  apparently  so  rapid,  within  very  minute  areas,  say  htHtt 
of  an  inol),  that  the  hypothesis  of  any  general  flaidity  or  viscosity  of 
the  rock-masses  in  which  such  inclusions  occur  is  very  difiScult  to 
reconcile  with  the  phenomena  observed. 

As  exception  has  been  taken  in  the  columns  of  the  Qbologioal 
Magazine  to  my  attempting  problems  beyond  my  powers,  I  may 
mention  that  I  have  repeatedly  thrown  this  Dartmoor  qnestion  aside 
as  too  overwhelmingly  difficult ;  on  the  other  hand  it  has  seemed  a 
pity  that  observations  which  may  be  of  use  to  other  workers  should 
be  entirely  lost. 

It  may  also  be  borne  in  mind  that  the  last  words  written  hitherto 
by  Dr.  Sorby  on  the  subject  of  inclusions  and  crystalline  rocks,  are 
the  significant  ones,  as  true  now  as  when  they  were  addresse<l  to  the 
Geological  Section  of  the  British  Association  in  1880 — "lliere  is 
still  much  to  be  learned  respecting  the  exact  conditions  under  which 
some  of  our  commonest  rocks  were  formed." 

Postscript. — Fig.  4  represents  five  distinct  groups  of  inclusions, 
drawn  separately  with  the  camera  lucida,  the  inclusions  of  each 
group  being  in  their  relative  positions.  The  five  drawings  for  the 
purpose  of  the  process  block  were  marshalled  on  a  sheet  of  white 
paper  and  reduced  by  photography. 


II. — WOODWARDIAN    MuSEUM    NoTES. 

Certain  fossils  from  the  Lower  Paueozoio  rooks  of  Yorkshire. 

By  Sidney  H.  Reynolds,  M.A.,  F.G.S. 
(PLATE  IV.) 

1  UNDERTOOK  this  description  of  certain  fossils  from  the  Lower 
Palaeozoic  rocks  of  Yorkshire  at  the  request  of  Mr.  Marr.  The 
late  Mr.  Thomas  Roberts  had  begun  the  piece  of  work,  but  left  it 
untinished.  Nearly  all  the  fossils  referred  to  were  collected  by  a 
party  of  Cambridge  geologists,  under  the  guidance  of  Prof.  Hughes, 
in  the  Summer  of  1889.    The  fossils  come  from  two  horizons,  viz.: — 

1.  The  Plmcops  elegans  zone=Stockdale  Shale  series  (Valentian) 

of  Wharfe. 

2.  The  Bala  beds^Coniston  Limestone  series  of  Norber  Brow 

and  Wharfe. 
Mr.  Marr  (Gkol.  Mag.,  Dec.  III.  Vol.  IV.  No.  1,  1887)  records 
the  following  species  from  the  Stockdale  Shale  series  of  Wharie  :— 

Fetraia,  sp. 

Phacopa  elegans,  Boech  and  Sars. 
Cheirurus  bimueronafuSy  Murch. 
E9urinuru9  punetatua,  Einmr.  ? 
Zepttena  qmnqutcoatata,  McCuy. 

To  these  may  be  added  : — 

JllanuSy  sp. 

Encrinurua  punetatus.  var.  arenacetts^  Salt. 
Hai pea  judex y  Marr  and  Mch. 
S'anrocephaluSy  cf.  Muichiaoni,  Barr. 
Cyphaspia^  cf.  raatrituniy  Tomq. 
Ci/phaapia,  sp.,  cf.  Burmeiateri,  Barr. 


Ll'Vjkr  rAL/f.o".y.:  rc^CL:  :?.m  \'o?.y.s.\'>B?. 
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Note. — I  have  to  acknowledge  my  ^p^at  indebtedness  to  Mr.  Marr 
for  much  help  in  the  examination  of  these  obscure  fossils. 

These  fossils  are  all  small,  and  are  generally  very  poorly  preserved. 
Encrinurtis  punetatus,  var.  arenaeeuSj  fig.  2,  is  represented  by  a  well 
preserved  glabella  with  the  fixed  cheeks  attached.  Several  heads, 
^or,  3^  of  Staurocephalus,  cf.  Murchisoni,  and  one  tail,  fig.  4,  were 
found.  CyphaspiSf  cf.  rastritunif  fig.  6,  has  at  the  anterior  end  of  the 
head  a  triangular  area  which  extends  back  and  nearly  meets  the 
glabella.  Cyphaspis,  sp.,  cf.  Bxirmeisleri^  fig.  7,  has  a  very  short 
glabella,  less  than  half  as  long  as  the  head.  Marpes  judex  is 
represented  by  a  fragment  of  the  limb. 

The  following  species  may  be  added  to  the  list  recorded  by 
Mr.  Marr,  from  the  Bala  beds  of  Norber  Brow  : — 

Agnostus  trinodm^  Salt. 

Ampyx  ?  rostrafusj  Sara. 

Staw  ocephalus  {Spharoeoryphe)  unieu8y  Thorn. 

Dindymefie  Htighesiae,  Roberts  M.S. 

?  Ateleoeystitta. 

The  ?  AteleocysiHeSy  figs.  9  and  10,  comes  from  the  Bala  beds  of 
Wharfe,  the  other  species  are  all  from  those  of  Norber. 

Staurocephalus  unictu,  fig.  8,  is  not  at  all  well  preserved,  but  the  two 
prominent  spines  on  the  margin  are  sufficient  to  distinguish  it.  An 
imperfect  tail  was  also  found.  A  specimen  of  Dindymeue  is  recorded 
by  Mr.  Marr,  and  he  refers  it  provisionally  to  D.  ornata,  Linnars. 
Mr.  Boberts  had  commenced  a  descriptitm  of  it,  and  found  it  to 
differ  from  any  species  previously  described.  He  proposed  to  call 
it  D.  Hughesiae  after  its  discoverer,  Mrs.  T.  McKenny  Hughes. 

Description  of  Dindymbnk  Hughesiae. 
(PLATE  IV.  Figs.  1  and  6.) 

Lencrth  and  breadth  each  somewhat  less  than  an  inch.  Head 
occu[)ying  about  one-third  of  the  total  length,  semicircular  in  shape, 
withoiit  cheek-spines.  Glabella  and  cheeks  considerably  inflated. 
Glabella  much  wider  in  front  than  behind,  separated  from  cheeks  by 
very  deep  grooves.  Glabella  bears  two,  and  each  of  the  cheeks 
bears  one  large  tubercle.  A  narrow  border  extends  right  round  the 
cheeks,  and  the  whole  surface  of  the  glabella  and  cheeks  is  minutely 
granulated.  No  eyes  or  facial  suture.  Thorax  with  ten  segments, 
each  segment  of  axis  marked  by  a  pair  of  small  laterally  placed 
tubercles.  Pleuras  greatly  prolonged  into  spines,  those  of  the  3rd, 
4th  and  5th  being  longest.  Spines  of  anterior  pleuraa  form  a  nearly 
straight  line  with  proximal  parts  of  pleura),  spines  of  the  next 
pleurae  are  somewhat  curved,  and  those  of  the  last  few  pleurse  are 
bent  back  nearly  parallel  to  the  pygidium.  Axis  of  pygidiuni  less 
than  half  as  long  as  thorax,  marked  by  slight  furrows,  which  do  not 
extend  completely  across  it.  Pygidium  has  3  pairs  of  pleurae,  all  of 
which  are  bent  back  nearly  parallel  to  the  axis,  while  the  last  pair 
are  nearly  in  contact  with  the  axis. 

D.  Hughesiae  resembles  D.  ornata,  Linnars.,  but  has  the  following 
distinguishing  characters : — 
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1.  The  glabella  bears  only  two  well  marked  tubercles,  and  these 
are  arranged  in  a  line  with  the  axis. 

2.  The  cheeks  each  bear  a  single  tubercle. 

3.  There  is  no  evidence  as  to  the  occurrence  of  cheek  spines. 

4.  The  margin  of  the  axis  is  tuberculate. 

5.  The  pleursB  of  the  middle  thoracic  segments  are  longer  than 
those  of  the  posterior  thoracic  segments. 

D.  HugheBtae  differs  from  D.  Frederiei  Augusti,  Barn,  in  having 
two  instead  of  one  tubercle  on  the  glabella  and  one  on  each  cheek, 
also  in  having  the  pleursB  much  longer  and  non-tuberculate. 

It  differs  from  D.  JIaidingert,  Barr.,  which  comes  decidedly  near 
D.  omaia  in  having  more  tubercles  on  the  glabella  and  in  the 
greater  length  of  the  pleursd  of  the  middle  thoracic  segments. 

D,  Cordniy  Eth.  and  Nich.,  differs  from  D.  Hughesiae  in  having  a 
pyriform  glal)ella  without  tubercles. 

Note. — I  have  had  to  rely  only  on  figures  and  descriptions  in 
comparing  D.  Hughesiae  with  the  other  species. 

Note  on  a  Ctstioean  ?  Ateleooystites. 

(PLATE  IV.  Figs.  9  and  10.) 

This  specimen  was  found  in  the  Bala  beds  of  Wharfe  by  Rev.  A. 
Pagan.  It  is  unfortunately  not  well  preserved,  but  appears  to  differ 
considerably  from  any  known  cystidean.  It  appears  to  belong  to 
the  family  Anomalocyatida  (H.  Woodward)  and  to  agree  with  the 
other  forms  figured  by  Dr.  Woodward  in  the  Geol.  Mag.  1880, 
p.  193,  in  the  following  characters  : — 

1.  The  plates  are  not  arranged  with  complete  regularity. 

2.  The  anterior  surface  is  slightly  concave. 

3.  There  are  no  pectinated  rhombs. 

4.  The  plates  are  marked  by  a  finely  wavy  ornamentation. 

It  differs  from  other  Anomalocystidce  in  the  ornamentation  of  the 
plates  and  in  the  apparent  greater  irregularity  in  their  arrangement, 
though  this  may  in  part  be  due  to  crushing. 

Tlie  way  the  arrangement  of  the  plates  is  to  be  interpreted  is  not 
very  clear,  but  regarding  the  face  preserved  as  the  anterior  face, 
the  plates  of  the  upper  (oral)  surface  and  right  side  are  well  pre- 
served, while  those  of  the  left  side  and  lower  surface  (from  which 
the  stem  would  arise)  are  more  broken.  The  uppermost  median 
plate  is  characteristic  and  is  marked  by  5  or  6  ridges  radiating  from 
a  raised  point  near  the  margin.  All  the  plates  are  marked  with  the 
wavy  lines  characteristic  of  the  Anomalocystidig,  and  in  addition  are 
marked  by  a  series  of  rather  deep  pits  sometimes  arranged  in  lines. 
These  pitted  markings  are  better  seen  on  the  impression  than  on  the 
actual  fossil.  The  markings  somewhat  resemble  those  on  Turrilepas, 
A  segment  of  the  stem  is  also  seen. 

EXPLANATION   OF  PLATE   IV. 

Fig.  1. — Dindymene  Eugheaiae^  Koberts,  MS.;   pygidium  and  posterior  thoracic 
seg-ments.      x  3^. 
,,     2. — Efierinurua  punctatusy  var.  arenacetiSy  Salt. ;  glabella  and  fixed  cheeks. 

X    G. 
,,     3. — Staurocephalusy  cf.  Murchisonif  Barr. ;  part  of  head,      x  6. 
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Fio.  4. — Stauroeephalu*^  ef.  Murehistmif  Barr. ;   pyg^dium.      x  6. 
5. — Dindymtfu  Bughesup,  Robei-ts,  MS. ;  restored  figure,      x  3}. 
6. — Cyphaspisy  cf.  Ra9tr%tumj  Tomq. ;  fragment  of  nead.     x  6. 
7. —  Cyphaspia,  sp.,  cf.  Burmeiateriy  Barr.;  fragment  of  head,      x  5. 
8. — Stauroeephalua  (Sphmroewryphe)  uuieusy  Thom. ;  fragment  of  head,      x  5. 
9. — ?  Ateleocystites ;  impression  of  uppermost  median  plate,     x  1. 
10. — ?  AUleoeyat\te»,      x  1. 

Figures  2,  3,  4,  6,  and  7,  are  from  specimens  found  in  the  Fhaeopa  elegana  zones 
Stockdale  shale  series  (Yalentian)  of  wharf e,  Yorkshire. 

Figures  1,  5,  and  8  are  from  specimens  found  in  the  Bala  heds  =  Coniston  lime- 
stone series  of  Norber  brow. 

Figures  9  and  10  are  from  specimens  found  in  the  Bala  beds  s  Coniston  limestone 
series  of  Wharfe. 

[The  publication  of  this  article  has  been  unaToidably  delayed.— Edit.  Geol.  Mao.] 

III. — The  Rape  of  the  Chlorites. 
By  Lieutenant- General  C.  A.  McMahon,  F.G.S. 

TWAS  not  present  when  Dr.  Callaway's  last  paper  on  the  Malvern 
Hocks  was  read  before  the  Geological  Society,  and  had  not  the 
opportunity  of  joining  in  the  discussion  that  followed  the  reading 
of  the  paper.  The  author  has  now  given  his  views  regarding  the 
"  Conversion  of  Chlorite  into  Biotite "  in  a  condensed  form  in  the 
Geological  Magazine  (Dec.  1893,  p.  535),  and  has  expressly  invited 
criticism  on  them  ;  I  venture,  therefore,  in  response  to  this  invitation, 
to  give  expression  to  a  difficulty  that  presents  itself  to  my  mind. 

It  is  not  necessary  to  enter  into  a  discussion  of  the  authorities 
quoted  by  Dr.  Callaway ;  but  I  remark  in  passing  that  two  of  the 
papers  referred  to  profess  to  deal  with  cases  of  contact  metamorphism, 
and  consequently  the  conditions  that  must  have  prevailed  in  those 
cases  are  altogether  different  from  those  which  govern  Dr.  Callaway's 
supposed  case  of  dynarao-metnmorphism.  In  cases  of  contact  action 
one  can  readily  understand  how  aqueous  acid  vapours,  or  liquids, 
emanating  from  the  molten  igneous  rock  under  high  pressure 
penetrated  the  adjoining  rocks,  and  carried  with  them  in  solution 
some  of  the  constituents  of  the  igneous  magma. 

In  the  case  supposed  by  Dr.  Callaway  the  conditions  are  altogether 
different.  We  have  to  deal  with  a  consolidated  rock  which  contains 
the  hydrous  mineral  chlorite,  the  anhydrous  mineral  biotite,  and 
others  that  show  a  passage  between  the  two.  Dr.  Callaway  contends 
that  the  biotite  has  not  been  converted  into  chlorite  by  aqueous 
agencies,  but  that  the  hydrous  chlorite  has  been  transformed  into 
anhydrous  biotite  through  the  action  of  beat.  The  fact  that  the 
rock  contains  chlorite  as  well  as  biotite,  and  minerals  that  show  a 
passage  between  the  two,  would  seem  opposed  to  the  acceptance  of 
the  author's  view;  but  he  meets  this  difficulty  in  the  following 
way  : — **  The  reason  why  in  the  Malvern  rocks  we  have  sometimes 
a  decomposition  of  hornblende  into  chlorite,  and  sometimes  a  change 
of  chlorite  into  biotite,  is  found  in  the  difference  of  environment. 
Where  the  rock  is  slightly  crushed,  and  there  are  no  signs  of  rock- 
fusion,  there  is  decomposition  of  hornblende  ;  but  where  there  is 
intense  crushing  and  shearing,  accompanied  by  a  high  temperature, 
reconstruction  sets  in  and  biotite  is  generated." 
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The  beat,  produced  locally  by  tbe  crushing  and  shearing  of  the 
solid  rock,  he  tell  ns,  "  often  rose  to  the  point  of  fusion  in  the  shear 
zones.*'  What  the  fusion  point  was  tbe  author  does  not  tell  us,  but 
it  is  obvious  that  the  fusion  of  rocks,  such  as  those  contemplated, 
must  have  required  a  very  high  temperature. 

The  intense  heat,  however,  under  Dr.  Cal]away*s  supposition,  was 
limited  to  the  shear  zones  and  was  quite  local.  In  other  parts  of  the 
same  rock,  namely  tho8e  in  which  chlorite  is  now  to  be  found,  the 
temperature  could  not  have  risen  to  red  heat,  for  at  a  red  beat,  the 
author  tells  us,  chlorite  loses  its  water. 

The  author  accounts  for  the  escape  of  water  from  the  altered 
chlorite,  by  its  baving  been  driven  oflf  by  heat.  The  "  elimination  " 
of  the  water  from  the  chlorite,  he  tells  us,  offers  "  no  serious 
difficulty.**  If  so,  the  rock  was,  for  all  practical  purposes,  a  porous 
rock  through  which  water  could  be  driven  by  heat. 

The  conditions  supposed  to  have  exiisted  are  then  briefly  as  follows  : 
(1)  The  presence  of  centres  of  intense  heat  produced  by  local 
crushing  and  shearing;  (2)  The  existence  of  temperatures  below 
red  heat  in  other  parts  of  the  rock ;  (3)  A  porosity  in  the  rock 
sufficient  to  allow  water  to  escape  from  it. 

iSuch  being  the  conditions  I  am  at  a  loss  to  understand  how  the 
heated  chlorite,  whilst  parting  with  12  per  cent,  of  water  and  16  per 
cent,  of  magnesia,  can  have  acquired  2  per  cent,  of  alumina,  8  per 
cent,  of  potash,  and  11  per  cent,  of  iron  in  addition  to  the  alumina 
and  iron  already  present  in  it. 

The  intense  heat  at  the  local  centres  would  surely  have  driven 
away  all  the  water  from  those  centres  to  the  cooler  parts  of  the 
rock.  The  dehydration  of  the  chlorite  is  accounted  for  on  that 
supposition.  This  water,  charged,  tis  it  probably  was,  with  acid, 
may  have  carried  away  with  it  the  16  per  cent,  of  magnesia,  but  by 
what  agency  was  the  additional  alumina,  potash,  and  iron  conveyed 
to  the  chlorites?  The  water  contained  in  the  rock  must  have  been 
repelled  and  driven  away,  as  before  stated,  from  the  centres  of  heat. 
When  this  water,  charged  with  bases  in  solution,  was  moving  away 
from  these  centres,  how  could  the  iron,  alumina,  and  potash  in  the 
pores  of  the  rock  through  which  the  water  passed  have  forced  their 
way  to  the  distressed  chlorites  in  the  face  of  the  bombardment  to 
which  they  must  have  been  exposed  by  the  panic-stricken  molecules 
rushing  away  from  the  centres  ot  disturbance  ?  By  what  power  was 
the  iron,  alumina, and  potash  moved  against  this  stream  of  fugitives? 

1  doubt  whether,  under  the  conditions  supposed,  any  chlorite 
would  have  remained  near  the  centres  of  heat.  Chlorite  is  readily 
susceptible  to  the  action  of  acids ;  and  water,  even  faintly  charged 
with  acids,  would,  at  the  high  temperature  predicated,  in  all  proba- 
bility have  swept  all  the  alumina,  iron,  and  magnesia  contained  in 
the  chlorites  out  of  these  minerals.  That  the  acidified  water 
should  have  removed  16  per  cent,  of  magnesia  and  have  left  the 
whole  of  the  iron  is  highly  improbable,  for,  as  far  as  my  experience 
in  experiments  on  minerals  goes,  I  should  say  that  iron  is  one  of 
the  first  bases  to  be  removed  by  acid  solvents. 
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But  if  we  are  at  liberty  to  suppose,  for  the  sake  of  argi 
that  none  of  the  iron,  or  alumina  escaped  from  the  chlorite, 
brought  the  extra  alumina,  potash,  and  iron  to  the  spot? 
should  these  bases  have  left  other  cooler  and  more  comfo 
localities,  in  which  they  were  located,  to  force  their  way  1 
centres  of  molecular  disturbance  where  crush,  shear,  and  ii 
beat  prevailed? 

If  the  distressed  chlorites  had  been  beautiful  females  an 
iron,  potash,  and  alumina,  ardent  male  creatures  one  might 
accounted  for  their  rushing  through  fire  and  smoke  to  reach 
prizes,  like   Boman    soldiers   engaged   in   sacking  a   town, 
suppose  the  author  is  not  prepared  to  endow  his  molecules 
sexual  qualities,  and,  in  the  absence  of  any  explanation  of  that 
I  confess  that  I  cannot  imagine  the  nature  of  the  fascination  whi 
Callaway's  distressed  chlorites  appeared  to  have  had  for  the 
the   potash,  and  the  alumina  situated  in  other  parts  of  the 
nor  can  I  imagine  the  agency  by  which  these  bases  were  con 
from  the  surrounding  rock  to  the  centres  of  intense  heat, 
centres  were  surely  the  foci  of  repulsion,  not  of  attraction  ? 

There  can  have  been  no  flow  of  water  laden  with  iron,  potasl 
alumina  towards  the  heated  centres,  where  the  chlorites  unde 
sideration  were,  because  the  author's  c(mditions  involve  th 
that  water  was  driven  away  by  the  intense  heat  generated  at 
centres.  By  what  agency  then,  I  ask,  was  the  iron,  potasl 
alumina  divorced  from  their  chemical  combinations  in  other  p 
the  rock  and  drawn  towards  the  chlorites? 

The  author  admits  that  **  it  is  natural  that  those  who  ha^ 
studied  the  evidence  furnished  by  the  Malvern  rocks  should 
an  old  and  well-known  explanation  of  the  phenomena  in  pref 
to   a   new    and    seemingly   improbable    one " ;    but    surely, 
Callaway  asks  those  who  have  not  studied  the  Malvern  ro 
believe  the  **  seemingly  improbable  theory  "  which  he  advocf 
preference  to  a  more  obvious  one,  it  is  incumbent  on  him  to  e 
in  detail  by  what  agency  the  molecular  movements  involved 
theory  were  brought  about.     Dr.  Callaway  remarks  that  '*  i 
mineral  transformation  be  an  observed  fact,  it  may  seem  unnec 
to   discuss   theoretical   objections   to    it " ;    but    the   conversi 
chlorite  into  biotite  does  not  yet  rank  as  an  *'  observed  fact.*' 
only  observed  fact  is  that  chlorite  and  biotite  have  been  found 
same  rock.      Dr.  Callaway  oflfers  a  theory  to  account  for  thi 
Those  who  doubt  the  correctness  of  this  theory  have  a  right 
for  full  proof  of  its  genuineness  before  it  is  stamped  with  th( 
mark.     I  desire  to  offer  one  more  remark  in  conclusion. 

Dr.  Callaway  tells  us  that  **  the  temperature  of  metamorphi 
the  Malvern  rocks  often  rose  to  the  point  of  fusion."  If  so, 
fusion  must  have  been  the  result,  and  biotite  cannot,  in 
localities,  have  been  formed  at  the  '*  expense  of  chlorite,"  for  i 
chlorite  would  have  been  melted  down  and  would  have  been  n 
in  the  fused  and  fluid  magma.  If,  on  cooling,  biotite  crystalliz 
of  this  magma  it  would  have  been  at  the  "  expense  "  of  the  ^ 
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fund  of  bases,  and  not  at  the  expense  of  the  chlorite.  Moreover,  the 
fused  rock,  unless  it  were  subjected  to  shearing,  or  fluxion,  in  a 
partially  crystallized  condition,  would  have  consolidated  as  a  granite, 
not  as  a  gneiss;  and  would  have  exhibited  a  granitic  and  not  a 
foliated  or  gneissic  structure. 

rXhe  Editor  regrets  that  owing  to  the  pressure  on  the  space  of  the  Maoazikb,  the 
publication  of  this  article  has  been  unavoidably  delayed. — Edit.  Geol.  Mao.] 
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By  Professor  T.  G.  Bonnkt,  D.Sc,  LL.D.,  F.R.S. 

MUCH  light  has  been  thrown  of  late  years  on  the  history  of 
gneiss  and  other  foliated  rocks.  Geological  literature  is 
beginning  to  bristle  with  such  terms  as  regional-metamorphism, 
pressure-metaraorphism,  dynamo- me tamorphism,  and  the  like.  Yet 
longer  and  less  intelligible  names  will  probably  follow,  which, 
under  the  guise  of  precision,  will  foster  confusion.  So  it  may  be  a 
little  help  to  students  to  set  down,  as  far  as  possible  in  plain 
English,  the  fruits  of  some  years'  study  of  gneisses  and  allied  rocks. 
In  this  work  I  have  taken  nothing  on  trust,  and  have  tested  every 
inference  to  the  best  of  my  ability.  Probably  there  is  nothing 
original  in  the  results,  but  they  are  all  the  outcome  of  person^ 
observation,  for  I  have  always  preferred  questioning  Nature  to 
reading  books.  So,  in  order  to  economize  time  in  searching  for 
what  has  been  already  said,  and  to  save  studding  the  page  with 
references,  I  will  assure  the  reader  that  he  is  quite  at  liberty  to 
suppose  that  **  everything  has  been  said  by  somebody,  somewhere." 

Let  us  begin  our  observations  with  a  rock  which  is  a  fairly  coarse 
granite,  occurring  in  a  region  affected  by  great  earth-movements, 
such  as  mountain-making,  which,  however,  for  some  reason  or 
other,  has  escaped  with  its  structure  practically  unmodified.  Such 
a  rock  sometimes  may  be  locally  indistinguishable  from  an  ordinary 
granite,  but  very  commonly  a  small  difference  is  perceptihie, 
especially  on  a  slightly  weathered  surface.  This  has  a  rather 
fragmental  aspect,  the  quartz  and  the  felspar  presenting  a  super- 
ficial resemblance  to  unrolled  clastic  grains, — as  in  an  arkose,  the 
materials  of  which  have  been  transported  only  for  a  short  distance. 
This  resemblance  does  not  disappear  on  microscopic  examination. 
The  rock,  in  short,  has  been  fractured  but  not  crushed.  This 
structure  is  exhibited  (not  to  mention  other  examples)  locally  in 
the  granite  at  the  entrance  of  the  Val  Bosegg  (Pontresina),  in 
the  granitoid  rock  of  Twt  Hill  (Carnarvon),  and  of  Llanfaelog 
(Anglesey) ;  occasionally  also  in  the  so-called  Dimetian  of  St 
Davids.  This,  then,  may  be  regarded  as  the  first  stage  in  pressure- 
modification. 

Next  suppose  this  agent  to  have  produced  more  marked  effects, 
and  the  rock  to  have  been  definitely  crushed,  perhaps  also  slightly 

*  It  may  be  well  to  state  that  this  pnpor  was  written  some  time  prior  to  the 
publication  of  Mr.  Goodchild's  paper  in  the  January  Number  of  this  Maoazikb,  and 
has  been  left  unaltered. 
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"  iheaTod  "  in  addition,  I  have  mora  than  onoe  desoribed  the  resalta 
of  each  a  prooeaa,'  so  far  aa  the  different  minerals  are  concerned,' 
henoe  it  ia  needleaa  to  enter  into  details,  and  I  shall  confine  myself  to 
a  few  general  illafltiations  of  the  making-  of  a  gneiss  by  presiure. 
To  exhibit  the  first  stage  we  may  select  a  porphyritio  granite 
from  near  the  English  cbnruh  at  Saas  Fee  (Valais).  The  rock  might 
be  termed  an  "  aagen- gneiss."  If,  however,  a  surface  transverse  to 
the  foliation  be  examined,  the  felspar  crystals  are  fairly  regnlar  id 
shape,  being  only  a  little  distorted  or  rounded  at  the  angles,  and  are 
not  coQspioaoasIy  orientated.  Bnt  on  a  sarfaoe  in  the  direction  of 
the  foliation  they  appear  as  rather  irregular,  wavy  streaks,  parted  by 
streaks  and  lines  of  dark  mica.     Tho  annexed  sketch  (Fig.  1)  sbowa 


Fio.  1. — Aog^-gneiu,  near  Saai  Fee,  sectioTi  aloni;  the  "dip  plane"  of  the 
fuliatioD  (the  rock  near  Che  chnrcl)  u  a  littlo  les«  crushed  than  thi*,  but  mf  sketch  is 
rather  too  rongli  to  be  copied). 

a  slightly  more  advanced  stage  of  the  same  rock.  The  larger  felttpar 
crystals  vary  from  lenticular  to  streaky  in  form,  are  sometimes 
crocked  and  slightly  separated,  as  is  indicated  by  lines  of  dark  mica 
about  the  thickness  of  a  sheet  of  writing-paper.  The  smaller  felspara 
have  been  often  crushed  almost  to  powder. 

A  Blage  somewhat  more  advanced  may  be  found  in  gneiss  (common 
in  boulders)  on  the  eastern  bank  of  the  Davoser  See,  Here  the  rook 
hardly  can  be  called  an  augen-gneias,  for  generally  it  is  a  coarse, 
streaky,  slightly  wavy,  foliated  gneiss — constituent  minerals  ;  quartz, 
felspar,  biotite  and  some  white  mica.  But  on  close  examination 
traces  of  the  original  structure  can  be  detected,  as  is  shown  in  the 
annexed  sketch  (Fig.  2),  and  from  this  stage  a  gradual  transition 


of  cryitalg  in  a  moch  crnshed  angen-gnein,  near  Daro 


can   be  traced  backwards  into  a  tme  augen-gneiss,  in  which  the 
white  rounded  felspars  are  over  2"  in  diameter. 

>  See  FnndBBlial  Addren,  Qoart.  Jonm.  Oral.  S<M.  18BS,  Pcoc.  6T,  68. 
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Further  orushing,  assooiated  with  definite  shearing,  at  last  prao- 
tically  obliteratea  all  distinot  traoes  of  ''angea"  struotare.  The 
streaks  of  different  mineral  oomposition,  the  more  qoartzo-felspathio 
and  the  more  micaoeoas,  especially  the  latter,  become  longer  and 
thinner,  until,  as  the  ultimate  result,  we  come  to  a  fine  banded  rock, 
with  laminsd  so  uniform  as  to  suggest  that  the  materials  once  were 
stratified.  Excellent  illustrations  of  this  may  be  found  in  a  number 
of  large  boulders  strewn  about  the  lower  end  of  the  St  Moritz  lake. 
One  block  may  be  a  rather  coarse  granitoid  gneiss,  the  quartz, 
felspar  and  mica  (especially)  forming  little  streaks.  Another  affords 
a  rock  more  markedly  fissile,  the  surface  of  the  slabs  being  slightly 
undulate  and  of  a  sage-green  colour  (from  the  crushed  and  hydrated 
biotite  or  from  secondary  chlorite).  Slight  streaks  of  white  here  and 
there  show  through  the  "varnish,"  which  is  very  thin:  that  is,  through 
the  film  of  secondary  mica  forming  the  ''sheen  surface."  But 
on  examining  the  transversely  fi*actured  ends  of  slabs,  we  see  white 
wavy  streaks  of  quartz  and  felspar,  perhaps  a  couple  of  inches  long 
and  a  fifth  of  an  inch  broad  at  the  thickest  part,  from  which  condition 
we  are  led  on  to  a  still  more  fissile  rock,  composed  of  alternating 
laminse  of  white  and  green :  the  former  about  one-eighth  of  an  inch 
thick,  the  latter  still  thinner,  each  of  which  may  be  traced  for  a 
length,  usually,  of  from  three  to  four  inches;  these  bands,  it  is 
important  to  notice,  not  being  continuous  through  the  block.  In 
certain  extreme  cases  the  rock  is  more  like  a  mica-schist  than  a 
gneiss,  but  even  then  very  thin  white  streaks  may  be  detected  on 
examining  a  transverse  fracture.  The  Central  Oberland  and  some 
parts  of  the  Pennines  afford  many  like  instances.  This  "linear 
foliation"  seems  to  be  the  utmost  that  crushing  and  shearing  can 
produce,  and  the  latter  is  an  essential  factor.  To  obtain  this 
structure  the  rock  must  be  granitoid  and  fairly  coarse ;  where  it 
has  been  also  porphyritic,  that  probably  is  recorded  by  a  little 
irregularity  in  the  linear  foliation,  i.e.  the  occasional  presence  of 
slightly  thicker  and  more  lenticular  streaks.  The  more  regularly 
"  lined  "  varieties  have  come,  I  believe,  from  rather  coarse  but  non- 
porphyritic  rocks.  The  more  close  the  resemblance  to  a  mica-schist, 
the  more  complete,  in  all  probability,  the  crushing.  In  these  cases 
it  may  be  also  necessary  that  the  rock  originally  was  rather  fine- 
grained. 

Analogous  structures  may  be  produced  in  more  basic  rocks,  such 
as  diorites  and  dolerites,  but  in  them  mineral  changes  seem  to  take 
place  more  easily,  such  as  the  formation  of  acicular  hornblende, 
chlorite,  epidote,  and  secondary  felspar.  These  I  have  elsewhere 
described,  so  that  I  may  sum  up  the  result  of  at  least  ten  years 
of  study  in  the  following  statement :  That  pressure  is  a  potent 
factor  in  structural  and  mineral  change  in  granitoid  rocks,  whether 
acid  or  basic,  though  more  so  in  the  latter  than  in  the  former ;  that 
the  resulting  structures  pass  through  a  somewhat  wavy  or  lenticular 
streaking  to  a  thin  banding,  which  may  ultimately  lead  to  an  almost 
slate-like  fissility  ;  but  that  I  have  never  found  any  reason  to 
suppose  that  a  well-marked  mineral  banding,  such  as  one  in  which 
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the  layera  may  exoeed  a  qnuter  of  an  inoh  in  tbiokness,  can  be 
pioduoed  by  preware  aoting  on  a  rock  in  whioh  no  each  Btruclure 
originally  existed. 

Bat  there  are  many  gneieaes  whioh  are  distinctly  and  broadly 
banded.  Such,  for  instance,  ooonr  among  the  Lanreatian  rocks  of 
Canada  and  Greenland,  the  "  Hebridean "  rocks  of  Scotland,  the 
anoient  crystalline  rooka  of  Norway,  and  those  of  several  parts  of 
the  Alps.  As  an  example  I  may  refer  to  a  gneiss  in  the  neigbour- 
hood  of  Saas  Fee.  A  huge  boulder,  which  in  all  probability  came 
from  the  lower  part  of  the  Mittaghom,  afforded  th«  particular 
instance.  The  rock  consists  of  quartz,  felspar,  and  a  greeniab-grey 
mica,  and  is  rather  fine-grained.  The  banded  straotare  is  very 
distinct,  the  lighter  zones  consisting  chiefly  of  quartz  and  felspar 
with  small  flakaa  of  mioa,  the  darker  being  richer  in  mioa,  whioh 


occurs  also  in  larger  flakes  (Fig.  3).  The  former  are  usually  the 
thicker;  the  latter  vary  from  between  two  and  three  inches  in  thick- 
noss  to  little  mom  than  films.  In  theiie  the  mica  flakes  are  bent  into 
zigzags,  and  in  the  broader  bands  a  strain-slip  cleav^e  sometimes 
may  be  seen  crossing  them  obliquely.  This  structure,  the  result 
of  pressure,  is  clearly  Int«r  than  the  formation  of  the  hands. 

As  another  example  a  boulder  may  be  cited  which  I  found  lying 
on  the  flank  of  the  Schafberg  at  Pontresina.  Tn  this  al«o — a  fairly 
coarse  gneiss — the  mineral  banding  is  distinct,  the  broadest  of  the 
mnre  micaceous  zones  being  nearly  three  inches  across.  But  in 
addition  lo  this  the  whole  block  shows  an  oblique  "  lamination  "  of 
more  or  lees  mioacenns  strstutEe,  even  in  the  more  quartzo-fel spathic 
bands.  This  strnoture,  whioh  is  not  vt»ry  uncommon,  curiously 
resembles  current-bedding  in  a  stratified  mck,  to  which,  indeed, 
it  baa  been  referred  by  more  than  one  well-qualified  observer. 
Formerly  I  should  have  so  regarded  it  myself,  but  1  am  now  con- 
vinced  that  the  resemblance  is  iltasory  and  that  it  is  a  result  of 

A  third  example  may  be  mentioned,  because  it  may  require  a  dtf- 
>  Sm  Qoui.  JoDin.  Gml.  Boc.  Pioc  1SS6,  p.  B7. 
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ferent  explanation.  This  oocurs  on  the  aonth  side  of  the  St  Gk>tha]t[ 
Pass,  about  1900  feet  above  Airolo,  where  the  road  between  two 
bridges  is  nearly  level,  and  about  a  furlong  from  the  foot  of  the 
second  set  of  zigzags. 

The  dominant  rock  is  a  dark  biotite  schist,  but  it  is  locally  inter- 
banded  with  a  light-grey  granalitic  rock.     The  latter  varies  from 
mere  lines  to  bands  one  or  two  inches  thick,  which,  however,  are 
rather  impersistent,  thickening  or  thinning  or  splitting,  generally  in 
the   course  of  two  or  three  feet,  and   stopping  sometimes   with  a 
moderately  pointed  end.     Of  this  last  case  two  explanations  seem 
possible:  the  structure  maybe  original  and  ''fluxional"  in  origin, 
produced  by  a  partial  melting  of  the  darker  rook  in  consequence  of 
the  intrusion  of  the  lighter  one,  the  two  then  moving  on  together;  or 
it  may  be  due  to  the  crushing  of  a  solid  mass,  in  which  the  one  rook 
formed  veins  in  the  other.     I  have  examined,  however,  a  good  many 
cases  in  which  a  **  veined "  mass  has  been  crushed  and  somewhat 
sheared,  and,  while  I  cannot  deny  that  this  explanation  is  a  possible 
one  here,  I  feel  bound  to  remark  that,  if  so,  the  case  is  a  rather 
exceptional  one.     But  it  seems  to  me  impossible  thus  to  explain 
either  the  first  two  cases  or  the  very  numerous  instcmces  of  banded 
gneisses  which  I  have  seen  in  many  lands  and  extending  over  large 
areas.     In   regard  to  these,  as  it  appears  to  me,  we  must  choose 
between  two  hypotheses :  that  of  fluxional  movements  anterior  to 
complete   consolidation  in  a  mass  not  perfectly  homogeneous,  and 
that  of  the  metamorphism  of  a  stratified  rock.     For  reasons  which  I 
will  state  presently,  I  think  the  latter  to  be  only  rarely  applicable,  and 
the  former  to  be  generally  the  correct  one.     This,  as  has  been  shown 
in  papers  already  published,^  must  be  the  origin  of  some   banded 
gneisses  in  Sark,'  and  (we  may  perhaps  add)  at  the  Lizard.    Fluxional 
structure  undoubtedly,  as  I  believe,  sometimes  occurs  in  the  gabbro 
of  the  Lizard  Peninsula,'  and  of  the  Saas  valley,^  in  the  diorites  of 
Guernsey,  and  in  the  dolerite  of  Mount  Royal  (Canada).     Most  of 
these  instances  of  mineral  banding  are  afforded  by  districts  on  which 
pressure  has  not  produced  any  marked  effects.     Some  rocks  at  the 
Lizard  certainly  show  pressure- metamorphism,  but  not  in  the  vicinity 
of  the   banded  gabbros,  where   the   serpentine  in  which  they  are 
intruded    is    practically   undisturbed,   and   even   in   the   Alps   the 
tough  gabbros  have  not  seldom  succeeded  in  resisting  it.     Still,  as 
some  persons  are  sceptical  on  this  matter,  it  may  be  interesting  to 
add  another  case  where  veins  of  intrusive  granite  exhibit  a  well- 
banded  structure  which  cannot  be   explained   by  anything   but  a 
movement  of  the  material  while  still  in  a  plastic  condition.     This 
may  be  found  in  a  mass   of  ice- worn  rock  near  the   base   of  the 
Allalin   glacier.      Granite   veins,   generally  narrow,   break   in  all 
directions  through  a  mass  of  greenish  schist  (the  Griiner  achie/er  of 
the   Swiss  geologists),  apparently  not  having  any  necessary  con- 
nection with  the  foliation,  which  is  conspicuous  in  the  latter  and  is 
probably  the  result  of  pressure.     This,  however,  cannot  have  pro- 

1  Quart.  Jonm.  Geol.  Soc.  1892,  p.  122.  •  Ibid  1891,  p.  464. 

»  Loc,  cit,  p.  483.  *  PhU.  M«g.  1892,  p.  287, 
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duoed  the  structure  of  the  granite,  which  is  roughly  parallel  with  the 
sides  of  the  veins,  and  thus  inconstant  in  direction.  The  granite  is 
moderately  fine-grained,  consisting  of  quartz  and  felspar,  with  only 
a  little  \irhite  mica.  Taking  one  vein,  about  six  inches  wide,  as  an 
example  (Fig.  4),  we  find  the  outer  band  (rather  more  than  one  inch 
thick)  somewhat  more  coarse-grained  than  the  rest,  the  felspar 
varying  in  size  from  large  hemp-seeds  to  very  small  peas.  The  next 
band  is  richer  in  quartz ;  the  interior  differs  somewhat  from  both  and 
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Fio  4. — Vein  of  streaky  and  banded  granite  intrusion  in  green-schist.  Rock  near 
the  toot  of  the  Allalin  glacier.  Diagrammatic,  the  spots  indicating  the  more  con- 
spicuous felspar -grains. 

seeras  to  exhibit  a  slight  fluxional  structure.  Parts  of  some  of  the 
veins  were  rather  more  micaceous,  tliat  mineral  also  occurring  in 
streaks,  sometimes  apparently  connected  with  small  inclusions  of  the 
green  schist.  The  banding  may  be  very  clear  for  three  or  four  feet, 
then  may  become  less  distinct;  one  vein  may  show  it,  another  not. 
A  movement  of  the  constituents  where  the  mass  was  not  yet  perfectly 
consolidated  is  rendered  probable  by  the  rounded  form  of  the  felspars, 
and  this  hypothesis  alone  seems  possible  as  an  explanation  of  the 
banding. 

In  regions  such  as  the  Alps,  which  have  been  more  than  once 
affected  by  great  earth  movements,  there  is  always  a  possibility 
that  aft^r  a  titrncture  had  been  produced  by  one  set  of  disturbances, 
the  ma>is  in  the  lapse  of  time  mij^ht  become  completely  consolidated  — 
perfectly  cemented  as  it  were,  by  secondary  mineral  deposits — after 
which  it  might  be  modified  by  a  new  set  of  earth  movements. 
This,  very  possibly,  may  be  the  history  of  certain  banded  gneisses, 
generally  rather  tine  grained,  in  which  the  layers  of  mica,  though 
very  regular,  are  quite  thin — hardly  thicker  than  a  stout  piece  of 
cardboard  ;  such,  for  instance,  as  the  rather  fine-grained  gneiss 
which  occurs  on  the  east  coast  of  Scotland  about  and  to  the  north 
of  Muchals.  But  I  have  never  been  able  to  find  any  proof  of  the 
notion  that  a  broad  banding  can  be  produced  by  any  amount  of  crush- 
ing in  an  ordinary  holocrystalline  rock,  while  I  have  demonstrated, 
as  I  venture  to  think,  that  it  can  come  from  movements  anterior 
to  the  consolidation  of  the  mass ;  so  that  while  we  may  admit  the 
possibility  of  the  former  explanation  being  true  for  a  ceilain  group 
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of  rooks  in  which  the  bands  of  mica  or  of  other  minerals  are  thin,  we 
must  deny  it  in  all  oases  where  they  are  even  moderately  thiok. 

But  was  the  old  notion  entirely  wrong  ?  Cannot  a  gneiss  be  in 
any  case  an  altered  sedimentary  rock  ?  Beyond  all  doubt  not  a  few 
seliists  have  thus  originated  :  all  calo-schists  and  quartz-sohists ;  many 
mica-schists;  perhaps  also  some  hornblendic  and  ohloritio  schists. 
I  am  aware  that  it  has  been  suggested  that  certain  basic  rocks  might 
be  changed  into  calc-schists.  It  is  trae  a  hornblendite  or  a  pyroz- 
enite  might  produce  an  ophicalcite,  but  both  these  are  rare  rocks; 
also  certain  calc-mica  schists  might  come  from  rocks  of  the  doleritic 
group ;  but  I  doubt  whether  we  have  evidence  of  such  transmuting 
power  as  would  produce  on  the  one  hand  anything  like  a  marble  or 
one  of  the  purer  calc-schists,  on  the  other  a  rock  so  siliceous  as  certain 
quartz-schists.  They  are  interbedded  and  associated ;  they  alternate 
with  and  graduate  into  one  another,  now  rapidly,  now  slowly ;  they 
present  macroscopic  resemblances  to  stratification,  even  more  per- 
fectly than  the  examples  which  we  have  considered  above,  while, 
in  the  case  of  not  a  few,  the  possibility  of  an  igneous  origin  is 
excluded  hy  their  mineral  composition.  There  seems,  however,  no 
reason  why  a  sediment  of  the  proper  chemical  composition  should 
not,  as  a  result  of  metamorphic  processes,  be  changed  into  a  gneiss. 
But,  as  a  rule,  clays  (for  to  some  variety  of  this  rock  we  must  look) 
are  rather  deficient  in  alkalies,  and  seem  to  produce  micas  and 
minerals  such  as  andalusite  more  readily  than  felspar. 

In  cases  of  contact  alteration,  though  felspar  occurs  more  frequently 
than  has  been  supposed,  it  seems  not  to  be  very  common;  while 
pressure  appears  to  bring  about  the  conversion  of  felspar,  where  it 
already  exists,  into  quartz  and  white  mica.  Into  these  minerals, 
indeed,  it  sometimes  appears  to  break  up  without  any  such  dis- 
turbing cause.^  No  doubt  felspar  of  secondary  oi-igin  is  a  more 
common  constituent  of  crystalline  schists  than  has  hitherto  been 
supposed,  and  the  mineral  has  been  often  overlooked  in  consequence 
of  the  close  resemblance  to  quartz  which  this  variety  presents,  but 
this  fact,  so  far  as  our  present  knowledge  goes,  is  more  applicable 
to  the  products  of  basic  than  of  acid  igneous  rocks,  and  does  not 
seem  likely  to  remove  our  difficulties  in  the  case  of  gneisses. 

It  is  not,  however,  possible  for  a  rock  like  the  Torridon  sandstone 
to  be  reconsolidated  by  secondary  enlargment  of  its  constituent 
grains,  and  to  pass  back,  as  do  some  quartzites,  into  a  really 
crystalline  condition ;  thus  producing  a  rock  similar  to  one  of  the 
Laurentian  gneisses  ?  Such  a  change  would  be  theoretically  possible, 
but  it  is  not  easy  to  find  satisfactory  evidence  that  it  has  really 
occurred.  The  Torridon  sandstone  of  Scotland,  the  gr^s  felspathiqiie 
of  Normandy,  where  they  have  been  subjected  to  pressure,  approach 
nearer  to  the  micii-schist  group,  the  felspar  disappearing  in  the 
manner  already  mentioned.  I  have  not  myself  seen  any  marked 
case  of  con  tact- metamorph  ism  in  either  of  these  rocks,  so  that  I 
cannot  be  certain  what  would  be  the  effects  of  raising  them  to  a 
fairly  high  temperature  under  moderate  pressure  and  in  the  preseuce 

'  Quart.  Joum.  Geol.  Sue.  IS88|  p.  36. 
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of  water.  Of  course  oases  oan  be  found  where  a  gneiss  is  imitated ^ 
such  as  the  so-called  Carboniferous  gneiss  of  Guttannen.'  Here, 
however,  the  rock  has  not  been  restored,  in  any  proper  sense  of  the 
word,  to  a  crystalline  condition ;  it  is  only  a  somewhat  consolidated 
**  arkose  "  like  the  Torridon  sandstone,  which  also  has  been  slightly 
modified  by  subsequent  pressure.  Hence  it  has  no  more  claim  to 
the  name  of  gneiss  than  certain  very  remarkable  specimens  of  the 
Torridon  rock  have  to  that  of  granite.  Pebbles  of  this  rock  (or  of 
one  exactly  like  it)  sometimes  so  closely  resemble  granite  that  I  have 
found  it  necessary  to  examine  them  under  the  microscope  before 
I  could  feel  satisfied  as  to  their  clastic  character.  In  such  cases  as 
these  Nature  has  been  perpetrating  a  forgery  and  setting  a  trap  for 
unwary  geologists. 

Still,  notwithstanding  these  difficulties,  I  think  it  would  be  rash, 
in  the  present  state  of  our  knowledge,  to  deny  the  possibility  of 
gneiss  being  produced  by  the  alteration  of  a  sedimentary  rock.  Among 
certain  quartz-schists  (not  quartzites)  I  have  occasionally  found 
interstratified  bands  or  beds,  including  grains  of  felspar,  for  which 
it  seemed  as  reasonable  to  infer  a  clastic  origin  as  for  the  other 
constituents — that  is  to  say,  they  were  probably  enlargements  of 
a  fragment  of  felspar.  This  mineral  occasionally  is  sufficiently 
abundant  to  make  the  rock  petrographically  a  quartzose  gneiss. 
With  direct  evidence  such  as  this,  and  the  indirect  evidence  afforded 
by  the  formation  of  secondary  felspar  in  certain  cases  of  contact- 
metamorphism  and  in  some  crystalline  schists,  it  would  be  unwise 
to  deny  the  possibility  of  gneiss  having  been  formed  by  the  meta- 
morphism  of  a  sedimentary  rock.  Still,  I  think  this  origin  will 
prove  to  be  a  rather  exceptional  one,  and  the  masses  produced 
comparatively  thin  and  limited  in  extent. 

We  conclude,  therefore,  that  the  terra  gneiss  covers  a  group  of 
rocks  rather  different  in  character  and  very  different  in  history. 
One  (a  common  type)  is  a  gneiss  in  consequence  of  an  original 
structure,  and  remains  very  nearly  in  its  original  condition. 
Another  (also  common)  owes  its  structure  to  pressure  acting  on  a 
rock  which  had  already  solidified  and  had  become  crystalline.  A 
third  (probably  rather  rare  and  exceptional)  is  the  result  of  the 
metamorphism  of  materials  which  were  originally  clastic.  It  is 
very  probable  that  etwh  of  these  groups  will  be  found  to  possess 
distinctive  structures :  to  Fome  of  them  I  have  already  invited 
attention  ;  others  will  doubtless  be  discovered  during  the  next  few 
years.  The  enquiry  is  as  promising  as  it  is  interesting  and  success 
is  probable,  if  the  investigators  remember  that  work  in  the  field 
raust  go  hand  in  hand  with  the  study  of  structures  under  the 
microscope.  ITiese  methods,  when  united,  may  be  fertile,  but  when 
dissociated  they  can  only  result  in  a  false  conception  and  a  bringing 
forth  of  wind. 

*  Quart.  Joum.  Geol.  Soc.  1892,  p.  390. 
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y. — Notes  on  thv  Skiddaw  Slatks. 

By  J.  E.  Ma&r,  M.A.,  F.R.S.,  Sec.G.S. 

THE  Woodwardian  Maseum  has  for  many  years  contained  a  fine 
series  of  Skiddaw  Slate  fossils.  In  1890  this  was  increased  by 
the  addition  of  many  specimens  obtained  by  the  members  of  Prof. 
Hughes'  Long  Vacation  party,  and  immediately  afterwards  the 
University  acquired,  by  donation,  the  valuable  collection  of  the  late 
Mr.  Eiusey  Dover.  Prof.  Nicholson  has  also  presented  a  large 
number  of  Graptolites.  When  time  permits,  I  hope  to  be  able  to 
describe  our  unrivalled  collection  of  Skiddaw  Slate  fossils;  mean- 
while, a  few  notes  on  the  distribution  of  these  organisms  will  throw 
such  light  on  the  development  of  the  Skiddaw  Slates  as  is  required 
for  the  elucidation  of  the  detailed  structure  of  the  district^  a  task 
which  Mr.  Harker  and  I  shall  attempt  to  perform  ere  long. 

For  a  considerable  period  the  Skiddaw  Slates  were  unhesitatingly 
correlated  with  the  Arenig  rocks  of  North  Wales.  The  late  Mr. 
Clifton  Ward  was  the  first  to  return  to  the  opinion,  long  ago  formed 
by  Sedgwick,  that  representatives  of  much  older  deposits  might  occur 
amongst  these  slates.  In  the  volume  of  this  Magazine  for  1879'  he 
remarks :  **  The  physical  evidence  inclines  one  to  believe  that  the 
Skiddaw  Slates  include  the  Arenig  Slates,  the  Arenig  Grit,  the 
Tremadoc  Slates,  and  the  Lingula  Flags."  Mr.  Ward  drew  up  his 
subdivisions  almost  entirely  on  physical  evidence,  and,  indeed, 
treated  (as  was  customary  at  the  time)  the  evidence  yielded  by  the 
Graptolites  as  of  little  practical  utility.  A  study  of  these  Graptolites 
shows  that  he  was  quite  correct  in  his  view  that  the  slates  were  not 
entirely  formed  during  Arenig  times,  but  the  actual  divisions  which 
he  proposed,  as  shown  in  the  map  and  sections  accompanying  his 
paper  and  in  the  explanations  thereof,  do  not  stand  the  palssonto- 
logical  test 

The  term  ''Skiddaw  Slates"  has  been  used  for  all  sedimentary 
and  contemporaneous  volcanic  deposits  of  the  Lake  District  and 
neighbourhood  which  lie  below  the  great  volcanic  group  known  as 
the  Borrowdale  Series,  and  in  that  sense  it  will  be  used  in  this 
paper,  though  no  attempt  will  be  here  made  to  discuss  the  character 
of  the  junction  between  the  two  groups  at  different  places. 

Although  the  general  use  of  the  term  has  been  as  above,  never- 
theless  other  deposits,  which  are  undoubtedly  of  very  different  age, 
have  been  at  times  included  in  the  Skiddaw  Slates,  as,  for  instance, 
the  Drygill  Shales,  described  by  Prof.  Nicholson  and  myself  in  this 
Magazine.' 

The  main  outcrop  of  the  Skiddaw  Slates  lies  north  of  the  mass  of 
volcanic  rocks  constituting  the  central  hills  of  Cumbria,  and,  owing 
to  the  existence  of  an  anticlinal  fold,  separates  those  volcanic  rocks 
from  their  equivalents  in  the  Caldbeck  Fells  and  the  comparatively 
low  country  north  of  Bassenthwaite  Lake.  This  outcrop  appears  to 
be  continuous  (though  in  one  place  covered  by  the  Carboniferous  oon- 

»  Gbol.  Mao.  1879,  Dec.  II.  Vol.  VI.  p.  124. 
»  Geol.  Mao.  1887,  Dec.  III.  Vol.  IV.  p.  339. 
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rlomerate  near  TJlleswater)  with  that  of  the  Skiddaw  Slates,  ranging 
iQ  a  N.N.  W — S.S.E.  direction,  from  the  east  side  of  Saddleback  to  the 
aeighbourhood  of  Shap,  across  the  eastern  extremity  of  Ulleswater. 
Another  mass  of  Skiddaw  Slate  forms  the  prominent  hill  of  Black 
Comb  at  the  sonthem  end  of  Cumberland,  and  a  subsidiary  outcrop 
occurs  near  Dalton-in-Furness.  A  large  part  of  the  Isle  of  Man  is 
also  occupied  by  Skiddaw  Slates.  To  the  east  of  the  Lake  District 
beds  referred  to  these  slates  are  found  in  the  Gross  Fell  Inlier,  and 
are  mapped  by  the  Greological  Surveyors  in  the  small  inlier  of 
Teesdale ;  and  it  has  been  suggested  by  Mr.  Aveline  that  a  portion  of 
the  green  slates  of  Ingleton  is  referable  to  this  group. 

The  general  characters  of  the  Skiddaw  Slates  have  been  frequently 
described.  Almost  every  variety  of  arenaceous  and  argillaceous 
deposit  may  be  found,  besides  volcanic  ashes  and  lavas.  They  are 
distinguished  by  a  general  absence  of  calcareous  matter.  The 
Graptolites,  which  it  is  the  object  of  the  writer  to  consider  more 
particularly,  are  generally  found  in,  though  by  no  means  universally 
confined  to,  the  black  or  blue-grey  argillaceous  members  of  the 
group.  These  Graptolitiferous  argillaceous  rocks  may  be  frequently 
traced  in  bands  running  parallel  with  the  general  strike  of  the 
rocks,  and  extending  for  a  greater  or  less  distance  in  this  direction. 
They  have  been  largely  worked  by  local  observers,  especially  by  the 
late  Mr.  Einsey  Dover  and  Mr.  Postlethwaite  in  the  neighbourhood 
of  Keswick,  the  result  being  that  our  richest  collections  have  been 
gathered  from  the  vicinity  of  that  town ;  and  many  localities  away 
from  it,  which  are  rendered  classical  by  the  work  of  the  earlier 
exponents  of  the  paleeontology  of  the  Skiddaw  Slates, — Salter, 
Harkness,  Nicholson,  and  others,  still  require  much  examination 
before  their  faunas  can  be  considered  thoroughly  known. 

The  following  list  of  Graptolites,  compiled  from  the  Woodwardian 
Collection,  the  writings  of  various  authors,  notably  Nicholson,  and, 
after  brief  examination  of  the  collection  of  Mr.  Postlethwaite  and 
that  in  the  Keswick  Museum,  will  be  sufficient  to  allow  us  to  draw 
important  conclusions : — 

List  of  Gbaptolites  pkom  the  Skiddaw  Slates. 

Lidymograptus  affinia^  Nich.     Barf ;  Carlside  Edge ;  Eggbeck ;  Eller^ill. 

bifidusy  Hall.     Outerside;    E.  of  Dodd  Wood,  Keswick;    Doddick 

Fell,  Saddleback  ;  Eggbeck ;  Ellergill. 
indentua  var.  nanus^  Lapw.     Outerside ;  Barf ;  Gategill,  Saddleback ; 

Glenderamakin  Valley,  Mungrisdale  ;  Thomsbip  Beck. 
Murehisoni,  Boeck.     Outerside  ;  Thornship  Beck ;  Cross  Fell  area. 
faaciculatusy  Nich.     Eggbeck  ;  Thornship  Beck  ;  Ellergill. 
gibherulusy  Nich.     Randal  Crag;    White  Horse,  N.W.  of  Skiddaw. 
NiehoUoniy  Lapw.     Outerside ;  Barf ;  Carlside  ;  Thornship  Beck. 
nitidusy  Hall.    Barf;  Randal  Crag;  Knott  Head,  Whinlatter  Pass ; 

Brundelhow  Lead  Mine. 
,,  ^a^M/u«,  Hall.     Outerside;  Randal  Crag;  Eggbeck. 

V.  fractusy  Salt.    Barf ;  Dodd,  Brackenthwaite ;  New  Brow  Quarry, 

Upper  Lorton. 
\,fractus,  ?ar.  volucer,  H.  0.  Nich.     Outerside. 
extensus,   Hall.      Outerside ;    Randal  Crag ;    Knockmurton,   near 

Lamplugh  Cross. 
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Azygograptu9  Lapworthi,  Nich.    Barf;  N.E.  of  Sleet  How,  W.  of  Braithwaite ; 

HodKson  How ;  Carlside  Edge. 
„  calehsy  Lapw.    Ellergill. 

Janograptut  P  sp.     Bmnstock  Scar,  below  Randal  Crag. 

Tetragraptus  Bigsbyi^  Hall.    Outerside ;  White  Horse  Fell ;  Great  Knott,  Bandal 

Crag ;  Bassenthwaite  Sand  Beds ;  Gibraltar,  Skiddaw  (in  chias- 
tolito  slate). 
Tetragraptut  bt'yonoidet^  Hall.     Outerside ;    Barf ;   Bandal  Crag ;    White  Horse 

Fell;  Frozen  Gill. 
,,  quadribraehiatusy  K^XX,    Oaterside;  Scale  Hill,  Cmmmock  ;   Aiken 

Gill  (Scawgill) :  N.E.  of  Gnzedale  Pike ;  Carlside  Edge ;  Barf. 
„  Beadiy  Hall.    Barf;  S.  end  of  Bandal  Crag. 

,,  erucifer^  Hall.     Barf. 

,,  frutico9u»y  Hall.     (Recorded  by  Lapworth.) 

Liehograptua  Sedgwieki,  Salt.     Braithwaite ;  Mire  House,  near  Skiddaw. 

,,  octobrachiatus,  Hall.     Outerside;  Carlside  Edge  ;  Slape  Crags abofe 

Hole  Gill,  Brackenthwaite. 
,,  n.  sp.     Outerside. 

Zoganograptus  Loganiy  Hall.     Outerside ;  Barf ;  Randal  Crag. 
Trichograptus  graeiliSy  Nich.    Thomship  Beck ;  Ashlock  Sike  P 
Temnograptus  multiplex^  Nich.    Near  Peelwyke  (not  in  situ) ;   New  Brow  Quarry, 

Upper  Lorton  ;  How,  Scale  Hill. 
Schizograptus  reticulatusy  Nich.    Barf ;  Carlside  Edge ;  Scale  HilL 
Trochograptus  ?  vagant^  Nich.     Scale  Hill. 
Bryograptut  ramo»n»y  Brogger.     Barf. 

,,  CaUaveij  I^pw.  P    Barf. 

FhyUograptua  typut,  Hall.     Barf ;  Whiteside ;  Carlside ;  £.  of  Dodd  Wood ;  Randal 

Crag;  Glenderamakin  Valley,  Mungrisdale. 
FhyUograptut  Anna^  Hall.     Randal  Crag. 

„  angustifoliuty  Hall.     Barf  ;    Carlside  ;   Whiteside ;    Bassenth waits 

Sand  Beds;  Knott  Head,  Whinlatter;  Ellergill. 
,,  ilieifo/iuSf  Hall.    N.E.  of  Sleet  How,  W.  of  Braithwaite. 

J)iplograptu8  dentatttSj    Hall.      Outerside;    Bassenthwaite   Sand   Beds;    N.W.  of 

Lingside.  Skiddaw ;   Glenderamakin  Valley,  Mungrisdale ;   Eller- 
gill ;  Master  Sike.  Cross  Fell  area. 
Climaeograptus.     Outerside;  Ellergill. 
CryptograptM  ?  Hopkinsoniy  Nich.     Outerside  ;  Thomship  Beck. 

„         P  antennarxM,  H^M.     Outerside;  Glenderamakin  Valley,  Mungrisdale. 
,,  tricomiSy  Carr.     Outerside;  Ellergill. 

Glossograptua  armatttSy  Nich.     Thomship  Beck. 
Tiigonograptut  ensifortnisy  Hall.     Moseoale,  near  Troutbeck. 

,,  lattceolatusy  Nich.     Ellergill. 

Dieellograptus  moffatetm^y  Carr.  P  Barf ;  Randal  Crag ;  Bassenthwaite  Sand  Beds. 
Vtenograptm  annulatusy  Nich.  Barrow,  near  Braithwaite ;  Wath  Brow,  near  Keswick. 
Thamnograptua  Boveriy  Nich.     S.W.  of  Randal  Crag. 

So  many  fossils  which  are  elsewhere  considered  characteristic  of 
different  horizons  occur  in  the  same  locality,  e.g.  at  Barf  and  at 
Outerside,  and  the  same  species  recur  with  such  frequency  in  strata 
which  appear  to  be  at  different  horizons,  that  the  attempt  to  divide 
the  Skiddaw  Slates  into  different  fossil  zones  seems  at  first  sight 
impossible.  Amidst  rocks  so  contorted  as  the  Skiddaw  Slates,  the 
lesson  taught  by  the  convoluted  rocks  of  the  Southern  Uplands  of 
Scotland  must  not  be  forgotten,  and  a  careful  study  of  the  list  above 
given  in  the  light  gained  by  examination  of  other  areas  proves  the 
zonal  classification  of  the  rocks  to  be  applicable  here.  At  the  same 
time,  owing  to  the  difficulty  of  obtaining  good  specimens  in  situ 
(a  large  number  of  the  specimens  in  collections  having  been 
gathered  from  the  loose  debris  or  screes  on  the  sides  of  hills)  any 
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ttempt  to  map  the  Skiddaw  Slates  according  to  their  zones  will 
e  fraught  with  unusual  difficulty,  and  can  only  be  accomplished  by 
local  observer  with  much  time  at  his  disposal  through  a  term  of 
aany  years.  Even  then,  the  work  will  hardly  repay  the  labour, 
or  the  zonal  succession  of  the  equivalents  of  the  Skiddaw  Slates 
n\\\  doubtless  be  discovered  in  other  areas,  where  the  slighter  dis- 
urbanoe  of  the  rocks  will  render  the  task  one  of  comparative 
simplicity.  This  being  the  case  we  may  at  once  proceed  to  discover 
what  may  be  learnt  from  an  examination  of  our  present  list 

In  studying  it  we  may  gain  much  information  from  noticing  the 
Bpecies  which  occur  together  on  the  same  slab  of  stone  (see  p.  130), 
aud  also  by  observing  what  species  are  absent  from  particukr 
localities. 

In  Prof.  Lap  worth's  paper  on  the  Geological  Distribution  of  the 
Bhabdophora  ^  the  Skiddaw  Slates  are  divided  into  an  Upper  and  a 
Lower  Group,  but  we  require  still  further  sub-divisions.  These  sub- 
divisions will  be  considerod  in  order,  beginning  with  the  oldest  beds. 

1.  Tkemadoo  Beds. 

Bryograpttis  Beds,  —In  Mr.  Postlethwaite's  collection  is  a  slab  (see 
p.  130),  of  black  slate  from  Barf,  covered  with  numerous  specimens 
of  Bryograptus  ramosus,  Brogger.  The  slab  is  shown  natural  size 
in  Fig.  1,  p.  130,  whilst  Fig.  2,  is  a  representation  of  one  of  the 
Graptolites  upon  it  enlarged  two  diameters.  Another  slab  was 
discovered  by  Miss  Serjeant,  of  Girton  College,  at  the  same  place, 
and  is  now  in  the  Woodwardian  Museum.  It  bears  fewer  Grapt- 
olites, but  they  are  in  a  better  state  of  preservation.  Fig.  3,  shows 
the  proximal  portion  of  one  of  the  Graptolites  with  a  filiform 
process  from  the  proximal  end  of  the  sicula,  whilst  Fig.  4,  repre- 
sents another  Graptolite  from  the  same  slab,  which  is  further 
enlarged  in  Fig.  5,  to  exhibit  the  impression  of  the  virgula.  The 
Graptolite  figured  by  Salter '  under  the  name  **  Branchlet  of  Dicho- 
grapsus  "  appears  to  belong  to  this  species. 

A  specimen  collected  at  Barf  by  Mr.  E.  H.  Tetley,  of  Trinity 
College,  and  delineated  in  Fig.  6,  possesses  the  characters  of  Bryo» 
graptus  Callaveiy  Lapw.  The  specimen  is  incomplete,  and  shows 
fragments  of  four  stipes  only,  but  there  is  little  doubt  that  it  is 
referable  to  this  form. 

These  specimens  indicate  the  Tremadoc  age  of  the  beds  contain- 
ing them,  for  Bryograptus  does  not  occur  above  this  horizon.^  In 
Norway  Bryograptus  ramosus  is  found  low  down  amongst  the  re- 
presentatives of  the  Tremadoc  Slates,  in  the  Lower  Division  of 
the  Ceratopygeschiefer,  whilst  Bryograptus  Callavei  occurs  in  the 
Tremadoc  Beds  of  the  Shineton  area. 

Bryograptus  is  not  found  associated  with  any  other  Graptolite  on 
the  same    slab   in   the  Skiddaw  Slates.      Had   it  existed  with  the 

'  Ann.  and  Mag.  Nat.  Hist.  ser.  6.  vol.  iii. 
2  Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  137,  fig.  12. 

'  Tetra^raptM  frulicosus  of  llall,  with  only  four  stipes,  has  no  claim  to  be 
included  in  the  genus  Bryograptus. 
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ordinary  Arenig  Graptolites  of  the  area,  it  oould  hardlj  HaTe 
escaped  deteotion,  for  it  miist  have  been  far  from  rare  considering 
the  large  nambers  observable  on  the  two  slabs  which  I  have  seen, 
and  slabs  with  Arenig  Graptolites  have  been  collected  by  hundreds. 
It  is  possible  that  some  of  the  other  compound  branching  Grap- 
tolites of  the  Skiddaw  Slates  may  also  be  of  Tremadoo  age.  Some 
forms  have  been  doubtfully  referred  to  Clonograptm,  which  oocnra 
in  Tremadoo  rocks,  but  none  which  I  have  seen  are  specifically 
identical  with  Tremadoo  species,  and  it  is  doubtful  whether  any  of 
the  forms  are  truly  referable  to  the  genus. 

2.  Aksnio-Llamvirn  Beds. 

A.  Dichograptus  Beds. — The  evidence  upon  which  these  beds  are 
separated  from  the  newer  Tetragrapim  Beds  is  unfortunately  of  a 
negative  character,  though  the  cumulative  evidence  is  fairly  con- 
vincing. In  the  first  place,  the  general  rule  appears  to  be  for  the 
more  numerously-branched  forms  of  DiehograpUdig  to  occur  in 
earlier  beds  than  those  with  fewer  stipes.  When  the  evolution  of 
the  Dichograpttda  is  worked  out  in  full,  I  have  no.  doubt  that  the 
reason  for  this  will  become  evident  Again,  DiehograptuB,  Logano- 
grapitu  and  Temnngraptui  are  never  found  in  association  with  the 
Tetragrapti  of  the  Skiddaw  Slates,  i,e.  upon  the  same  slab.  Lastly, 
there  are  areas  where  Teiragraptui  is  found  in  which  Diehograptui 
does  not  occur,  e.g.  in  the  Arenig  rocks  of  South  Wales  and  the 
Bennane  shales  of  the  Ballantrae  District' :  as  Dtchograpius  and 
Loganograptus  are  widely  distributed  forms,  this  would  hardly  be 
the  case  if  they  existed  at  the  same  time,  and  the  probability  is  that 
the  Dichograptus  Beds  are  not  represented,  or  have  not  been  dis- 
covered, or  are  represented  by  non-Graptolitic  Beds  in  South  Wales 
and  South  Scotland. 

B.  Tetragraptus  Beds, — These  beds  contain  by  far  the  larger  pro- 
portion of  Graptolites  which  have  been  obtained  from  the  Skiddaw 
Slates.  In  the  list  of  Graptolites  above  given,  all  the  species  of 
Tetragrapius,  Phyllograptus^  Didymograptus,  Azygograptus,  etc., 
which  have  other  localities  assigned  to  them  than  those  on  which 
Ellergill  Beds  only  occur,  are  found  in  the  Tetragrapius  Beds.  Of 
the  Graptolites  appertaining  to  this  horizon — 

Tetragraptu9  bryonoidcM  occurs  on  the  same  slab  as  T.  Bigshyi. 

y,  ,,  occurs  on  the  same  slab  as  Didymograptus  gibheruh^. 

Bigsbyi  occurs  on  the  same  slab  as  Didynwgraptua  indentiu  var.  nanui, 
hryonoides  occurs  on  the  same  slab  as  Fhyllograptus  typtts. 
quadribrachiatM  occurs  on  the  same  slab  as  Didymograptus  nitidus. 
„  ,,  occurs  on  the  same  slab  as  T.  erucifer. 

Didymograptus  nitidus  occurs  on  the  same  slab  as  Dieellograptus  moffatensis. 

Tlie  Graptolites  of  this  division  are  usually  preserved  in  black 
slates,  but  others  are  found  in  slates  of  a  lighter  colour,  or  even  in 
light-coloured  gritty  shales. 

The  Tetragrapius  Beds  are  probably  divisible  into  sub-zones. 
For  instance,  Azygogrnptas  Lapworthi  occurs  in  great  abundance  in 

^  Cf.  Lapworth  and  Hopkinson,  Quart.  Joum.  Geol.  Soc.  toI.  xxxL  p.  631 ;  and 
Lapworth,  Geol.  Mao.  Dec.  III.  Vol.  VI.  p.  22. 
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leadcfn-grey  griify  shales,  and  these  shales  are  probably  restricted 
to  some  definite  horizon  in  the  Tetragrapius  Beds,  bat  we  have  no 
evidence  as  to  the  exact  position  of  that  horizon.  The  further 
oocurrenoe  of  Azffgograpius  in  the  Ellergill  Beds  siigj!;ests  a  fairly 
high  position  for  the  grits  with  Azygograptus  Lapworthi. 

Black  shales  with  Didymograptus  tHdentus,  var.  nanus,  in  profusion 
form  a  marked  feature  of  these  beds.  They  are  often  traceable  for 
a  considerable  distance  along  the  line  of  strike.  The  presence  of 
these  tuning-fork  JHdymograpti,  which  are  elsewhere  so  character- 
istic of  Upper  Arenig  and  Lower  Llandeilo  strata,  indicates  that  the 
Didymograptus  nanus  Beds  form  the  upper  division  of  the  Tetra- 
graptus  Beds,  which  may.  therefore,  be  divided  into  (1)  Lower 
Tetragrapius  Beds  and  (2)  Upper  Tetragraptus  Beds,  with  abundance 
of  Didymograptus  nanus.  An  examination  of  the  Graptolites  associ- 
ated with  Didymograptus  nanus  near  Mangrisdale  bears  out  this  view. 

The  Tetragraptus  Beds  and  the  overlying  Ellergill  Beds  contain 
the  greatest  number  of  Trilobites  hitherto  discovered  in  the 
Skiddaw  Slates.  Most  of  these  Trilobites  belong  to  the  "  Llanvirn  " 
fauna.  I  hope  to  refer  to  them  at  greater  length  in  another 
communication. 

3.  Ellergill  Beds. 

These  beds  are  usually  recognizable  with  ease  by  their  peculiar 
earthy  nature.  Their  fauna  is  also  different  from  that  of  the  under- 
lying rocks,  and  indicates  a  very  high  position  in  the  Arenig  Series. 
They  are  typically  developed  at  Ellergill,  Knock  Ore  Gill,  and 
Ashlock  Sike  in  the  Cross  Fell  Area,  at  Thomship  and  Eeld  Becks 
near  Shap,  and  in  the  moory  country  near  Troutbeck  Station, 
extending  towards  Threlkeld.  Amongst  the  Graptolites  which 
have  been  found  in  these  beds  are : — 

Didymograptut  aJiniSf  Nich. 
„  bijidug^  Hall. 

,,  indentuSf  var.  nanuSj  Lfl^w. 

„  Murehisoni,  Beck, 

t  „  fa§eieuiatu8,  Nich. 

„  NiehoUoni,  Ijapw. 

t  Azygograptui  eaUbSf  Lapw. 
t  Triehograptm  graeili*^  Nich. 
Fkyllograptut  anguttifoliu9y  Hall. 
Biplograptus  dentatut.  Hall. 
Climaeoyraptut. 

Cryptoyraptus  1  Eopkinaoniy  Lapw. 
,,  triwmis,  Carr. 

t  Glo9$f*yrapttu  armatutf  Nich. 
t  Triyonoyraptut  etuiformU,  Hall, 
t  ,,  lanerolatut,  Nich. 

Those  marked  f  have  hitherto  heen  found  only  in  this  diTision  of  the  Skiddaw 
Slates. 

4.  MiLBUBN  Beds. 

Mr.  Goodchild  has  applied  this  name  to  certain  slates  interstrati- 
fied  with  volcanic  rocks,  which  in  the  Cross  Fell  area  appear  to 
form  a  passage  between  the  Skiddaw  Slates  and  the  volcanic  series 
of  Borrowdale.     Similar  beds  occur  in  many  parts  of  tbft  lidkA 
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District  Unfortanately  their  fauoa  is  almost  unknown,  DidpM- 
graptus  Murchisoni  and  Diplograptiu  dentatug  being  the  only  fossils 
hitherto  recorded  from  them.  They  probably  represent  the  upper- 
most part  of  the  Arenig  or  tlie  lowermost  part  of  the  Llandeilo 
formation.  It  is  to  be  hoped  that  local  observers  will  pay  special 
attention  to  the  fauna  of  these  beds,  as  the  exact  determination  of 
their  age  is  a  matter  of  considerable  importance. 

From  a  stady  of  the  Skiddaw  Graptolites,  then,  we  obtain  the 
following  provisional  classification  of  the  Grapiolite-bearing  portion 
of  the  Skiddaw  Slates : — 

(d.  Mflburn  Beds = Uppermost  Arenig  or  Lower  Llandeilo. 
e.  EUergiU  Beds. 
b.  Teiragraptu*  Beds{^P2'  ^*^  Bid^rmgraptUM  mamu,. 
a,  ]}iehogruptu9  Beds. 
1.  BryograptM  beds  =  Tremadoc  Slates. 

An  examination  of  sections  drawn  through  the  Skiddaw  Slates, 
as,  for  instance,  those  constructed  by  the  Officers  of  the  Geological 
Survey,  will  show  that  these  slates  are  greatly  contorted.  The  con- 
tortion is  often  more  violent  than  is  represented  on  those  sections. 
Study  of  natural  sections  of  the  EUergill  Beds,  for  example,  shows 
that  these  deposits  are  constantly  affected  by  overfolds  having  the 
middle  limbs  faulted  out,  and  the  same  thing  can  be  frequently 
detected  in  other  parts  of  the  series.  The  distribution  of  the  fossils 
shows  that  little  reliance  can  be  placed  on  dips  as  an  indication  of 
the  order  of  succession.  For  instance,  the  fossils  obtained  from  the 
screes  of  Barf  show  that  the  Bryograpius  Beds,  the  DiehograptuB 
Beds,  and  the  two  divisions  of  the  Tetragraptus  Beds,  must  be 
developed  in  situ  in  that  hill,  or,  in  other  words,  that  part  of  the 
Tremadoc  and  the  greater  portion  of  the  Arenig  Series  is  included 
in  one  or  two  hundred  feet  of  rock.  The  same  beds,  with  the 
exception  of  the  Bryograptus  Beds,  are  found  on  Outerside,  where 
the  beds  are  not  on  the  same  line  of  strike  with  those  of  Barf. 
Representatives  of  a  conHiderable  portion  of  the  Arenig  Series  must 
also  occur  at  Carlside  Edge,  and  at  several  other  localities.  The 
thickness  of  the  EUergill  Beds  cannot  be  very  great-,  and  the 
probability  is  that  the  whole  of  the  Graptolite-bearing  portion  of  the 
Skiddaw  Slates  is  not  many  hundreds  of  feet  in  thickness.  Mr.  Ward 
calculated  the  total  thickness  of  the  Skiddaw  Slates  at  from  10,000 
to  12,000  feet.  This  is  probably  an  over-estimate,  but  the  whole 
series  must  be  far  thicker  than  that  portion  containing  Graptolites. 
Great  masses  of  gritty  rock  occur  which  contain  no  Graptolites,  and 
to  the  north  of  Skiddaw  there  is  a  considerable  spread  of  red  and 
green  shales,  which  are  very  unlike  the  Graptolite-bearing  Skiddaw 
Slates,  but  resemble  beds  referred  to  the  Skiddaw  Slates  at  Hake 
Beck,  near  Melmerby,  in  Teesdale,  and  at  Ingleton.  As  these 
cannot  be  newer  than  the  Graptolite  Beds  of  the  Skiddaw  Slates, 
which  pass  up  into  the  volcanic  rocks  of  the  Borrowdale  group,  they 
must  be  older.  The  Graptolitic  Beds  are,  in  fact,  comparatively 
thin  masses  of  deposit  nipped  in  amongst  older  rocks  in  broken 
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synclinals.  As  to  the  age  of  the  older  rocks  we  have  no  evidence. 
They  nnay  be  Cambrian,  and  some  may  l>e  of  even  earlier  date.  The 
Skiddaw  Slate  period  was  oertainly  not  one  of  continual  deposition. 
Coarse  detrital  beds  occur  again  and  again.  The  Skiddaw  Grit 
north  of  Skiddaw  is  often  conglomeratic,  and  the  included  pebbles 
are  of  very  varied  type.  Another  conglomerate  occurs  on  the  old 
road  from  the  Vale  of  St.  John  to  Ulles water,  not  far  from  Wolf 
Crag.  It  contains  pebbles  of  slate  in  a  greenish-grey  argillaceous 
matrix.  Many  of  these  beds  may  prove  fossiliferous,  for  they  have 
been  little  searched,  special  attention  having  been  hitherto  paid  to 
the  Graptolitic  rocks.  I  have  obtained  fragments  of  a  large  Trilo- 
bite  from  the  banded  black  slates,  associated  with  red  and  green 
slates,  at  the  head  of  Hause  Gill,  north-east  of  Skiddaw.  They  may 
belong  to  an  Arenig  Asaphus,  but  may  be  older,  and  the  locality 
deserves  careful  examination,  for  Trilobite  fragments  also  occur 
in  the  green  shales.  Most  of  the  Trilobites  figured  by  Messrs. 
Goodchild  and  Fostlethwaite  ^  appear  to  be  Arenig  forms,  but  some 
may  be  older. 

A  few  words  may  be  said  concerning  Mr.  Ward's  divisions  of 
the  Skiddaw  Slates.  In  his  paper  "On  the  Physical  History  of 
the  English  Lake  District,"  he  places  the  beds  below  the  *'  Skiddaw 
Grit"  in  the  Tremadoc  Slates  and  Lingula  Flags,  those  above  that 
grit  in  the  Arenig.  The  correlation  of  the  very  marked  grit  north 
of  Skiddaw,  with  the  much  greater  thickness  of  flaggy  grits  south 
of  Skiddaw,  the  grits  north-west  of  Bassenthwaite,  and  those  near 
Butter  mere  is  open  to  doubt  Furthermore,  an  examination  of  the 
map  appended  to  his  paper  shows  that,  upon  his  interpretation,  a 
great  synclinal  on  the  east  side  of  the  fault  ranging  down  Derwent- 
water  is  brought  against  a  great  anticlinal  to  the  west  of  that 
fault,  a  thing  which  certainly  occurs  in  the  district  on  a  small 
scale,  but  which  is  difficult  to  imagine  on  so  large  a  one.  But 
the  greatest  objection  to  his  proposed  classification  is  furnished  by 
the  fossil  evidence.  According  to  his  view,  all  the  beds  west  of 
Derwentwater  and  Bassenthwaite,  between  the  band  of  *'  Skiddaw 
Grit "  north  of  Bassenthwaite  and  that  north-east  of  Buttermere 
should  be  Tremadoc  Slates  or  Lingula  Flags ;  nevertheless,  in  this 
tract  are  situated  Barf,  Outerside,  the  Whinlatter  Pass,  Whiteside 
and  other  localities  yielding  abundance  of  Arenig  fossils. 

An  examination  of  the  Skiddaw  Slate  series  shows  that  it  is  a 

group  of  deposits  of  great  diversity  of  character,  folded  violently  on 

a  large  and  small  scale ;  the  uppermost  beds,  which  are  fossiliferous, 

represent  part  of  the  Tremadoc  and  the  whole  of  the  Arenig  Series 

of  North  Wales.     These  beds  are  folded  in  boat-shaped  synclines 

amongst  what  is  probably  a  very  much  greater  thickness  of  older 

rocks,  the  palaeontology  of  which  is  practically  unknown.      It  yet 

remains   to    discover   the   ages    of  these    rocks,    forming,    perhaps, 

the  greater  bulk  of  the  Skiddaw  Slate  formation,  and  this  is  a  task 

which  may   well  occupy  the  attention  of  local  geologists  for  many 

years  to  come. 

*  Proc.  Geol.  Assoc,  vol.  ix  No.  7. 

DBCADB  rr. — VOL  I. — NO.   HI.  ^ 
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^55  6  ^ 

Fio.  1. — Slab  with  Bryograptut  ramoiua^  Brog.,  nat.  sixe,  from  Barf.  Coll.  J. 
Postlethwaite,  F.G.S. 

2. — The  Graptolite  marked  a.  in  fig.  I .     x  2. 

3. — Proximal  portion  of  B,  ramotus.  x  2.  Barf.  Coll.  Miss  Serjeant, 
Girton  Coll. 

4. — B.  ramosus,     x  2.     On  same  slab  as  Graptolite  in  last  fig. 

6. — Proximal  portion  of  Graptolite  represented  in  fig.  4.  x  4.  Showing  im- 
pression of  virgala  on  left- band  primary  stipe 

e.—Bryoffraptu*  Callaveiy  Lapw.  ?  Barf,  x  2.  Coll.  E.  H.  Tetley,  Trin.  ColL 
The  specimens  illustrated  in  figs.  3-6  are  now  in  the  Woodwardian  Museum. 
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I. — The  Cbinoidba  of  Gotland.  Part  I.  The  Cbinoidka  Inadu- 
NATA.  With  Ten  Plates.  By  F.  A.  Bather,  M.A.,  F.G.S., 
Assistant  in  the  British  Museum  (Nat.  Hist.).  Presented  to 
the  Royal  Swedish  Academy  of  Sciences,  December  9,  1891. 
EoDgl.  Svenska  Vetenskaps-Akademiens  Handliugar.  Bandet 
25.     No.  2.     (Stockholm,  1893,  4to.  pp.  200.) 

OF  the  few  places  in  the  world  from  which  fossil  Crinoids  can 
be  obtained  in   anything   like  a  fair  state  of  preservation, 
showing  stem,  cup,  and  arms  in  their  natural  position,  the  Isle  of 
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Gotland  probably  bolds  tbe  first  rank.  The  beautiful  speoimens 
procured  during  many  years'  close  search  in  the  well-knowQ  shales 
and  limestones  of  that  island  have  been  for  the  most  part  carefully 
treasured  in  the  Riks  Museum  at  Stockholm,  which  thus  becomes 
in  a  sense  the  Mecca  of  those  who,  like  the  author  of  this  paper, 
devote  themselves  to  the  study  of  this  group  of  fossils. 

The  Gotland  Crinoids  have,  of  course,  frequently  engaged  the 
attention  of  the  palaeontologists  of  Sweden  and  of  other  countries 
as  well.  There  is  a  reference  to  them  in  a  mineralogical  work 
by  Bromell,  recognizing  their  real  nature,  as  early  as  1739 ;  and 
many  papers  by  W.  Hisinger,  between  the  years  1799  and  1841, 
contain  descriptions  and  figures  of  several  species,  of  which  the 
originals  are  still  to  be  found  in  the  Stockholm  Museum.  But 
the  all-important  work  on  these  Crinoids  is  the  *' Iconographia 
Crinoideorum  "  of  Professor  N.  P.  Angelin,  which  was  published 
po8thumously  under  the  auspices  of  the  Royal  Swedish  Academy 
of  Sciences  in  1878.  It  is  illustrated  by  29  quarto  plates,  which 
Angelin  left  behind  at  his  death,  already  lithographed,  whilst  the 
descriptive  text  in  his  own  manuscript  was  edited  for  publication 
by  his  former  colleague,  Prof.  S.  Loven,  who  undertook  the  Cyatidea, 
and  by  his  successor.  Prof.  G.  Lindstrdm,  who  edited  the  main 
portion  relating  to  the  Crinoids  proper.  The  comprehensive  sig- 
nificance of  Angelin's  work  may  be  understood  from  the  fact  that 
it  contained  descriptions  and  figures  of  173  species  of  Crinoids, 
included  in  4t2  genera,  whereas,  previous  to  its  appearance,  only  13 
species,  probably  belonging  to  about  10  genera,  were  known  from 
Gotland.  In  the  interval  since  the  publication  of  the  "  Iconographia  " 
many  important  notices  of  the  Gotland  Crinoids  have  appeared  at 
dififerent  times  from  such  authorities  as  Von  Zittel,  Neumayr, 
Wachsmuth  and  Springer,  P.  H.  Carpenter,  F.  A.  Bather  and  others, 
but  these  appear  to  have  been  mainly  founded  on  the  published 
work  of  Angelin.  A  critical  examination  of  this  work  and  a  com- 
parison of  its  descriptions  and  figures  with  the  original  types  in 
the  light  of  the  knowledge  of  the  present  day,  was  felt  to  be  an 
absolute  necessity  to  make  it  available  for  solving  some  of  the  crucial 
questions  of  Crinoidal  structure  and  classification,  more  particularly 
in  connection  with  Briti^<h  Silurian  Crinoids ;  and  this  induced  Mr. 
Bather  to  undertake  a  revision  of  the  type-forms  of  Angelin  and 
of  such  others  as  have  been  since  discovered  in  Gotland.  The 
authorities  of  the  Riks  Museum  at  Stockholm,  amongst  whom  may 
be  mentioned  the  well-known  names  of  Professors  S.  Loven  and 
G.  Lindstrcim,  deserve  the  heartiest  thanks  of  their  fellow- workers 
in  science  for  the  facilities  given  to  Mr.  Bather  to  carry  out  his 
work,  and  a  similar  recognition  will  be  awarded  to  the  Royal 
Swedish  Academy  of  Sciences  for  their  truly  liberal  spirit  in  printing 
the  results  of  the  investigation  in  their  Transactions  and  in  the 
English  language. 

In  this  first  section  of  the  work  the  author  treats  only  of  such  of 
the  Gotland  Crinoids  as  belong  to  the  Order  "  Crinoidea  Inadimata  " 
of  Wachsmuth    and    Springer.      These   are  considered   to   be   the 
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simplest  forms  of  the  group,  and  are  characterized  by  having  all  the 
brachials  free,  and  no  interradial  plates  enter  the  dorsal  cup  unless 
in  the  posterior  interradius.  About  40  species  of  this  group  have 
been  found  in  Gotland :  18  of  these  were  described  by  Angelin, 
6  by  other  authors,  and  16  are  quite  new.  They  are  included  in 
10  genera,  only  one  of  which,  Qoihocrinus,  is  new,  and  they  belong 
to  7  families,  ail  previously  recognized.    The  following  is  the  list: — 

Family  Pisocrinidffi.    Piiocrxnm  pilula^^Q  Eon.,  P.  ol/uto,  Ang.,  P.poeiUum,  Ang, 
„      HeterocrinidsB.      Herpetoerinm   Fleteheri^   Salter,    H,    eonvolutus,    Hafi, 

B.  Ammonis,  n.  sp.,  H.JUbeUieirrut^  n.  sp. 

,,       Calceocrinidse.     Caleeoennua  goiland%cu»y  Aug.,  C.  cfr.  gotUmd%eu»^  C.  fmgU^ 

n.  sp.,  C.  tucanuSf  n.  sp.,  C.  tenax,  n.  sp.,  C.  cfr.  teuax, 

C.  nitiduif  n.  sp.,  C.  intetpret,  n. sp.,  (7. pinnulatuSf  n. sp. 
,,       DendrocrinidsB.     Mofnoerinut  tenuis^  n.  sp. 

„       Euspirocrinidte.     £uspirocrinut  »pirah»,  Ang. 

,,       DecadocrlnidsB.     Gothoerinus  grtieiliSy  n.g.  et  sp.,  Botryoerinu»  ramoiit- 

nmus,  Aug.,  B.  eucurbitaeeus,  Ang.,  sp. 

,,       incert.     Streptocrinui  erotalurus,  Ang.,  sp. 

,,       CyathocrinidsB.   Cyathoerinut  visbycetms^  n.sp.,  C,  aeinotubus,  Ang.,  C.  ttrio- 

lattUf  Ang.,  C.  JHautB^  n.  sp.,  C.  gUiber,  Ang.,  C,  mutietu^ 
Ang.,  C.  diitensuSf  Ang.,  C.  loffgimanus,  Ang.,  C*.  ramo- 
sut,  Ang.,  Oinocrinua  typutf  n.  sp.,  G.  elegant^  Ang., 
G.  campanula^  n.  sp.,  G.  umbilieatut,  Ang.,  G.  macro- 
daetylus,  Ang.,  G.  goniodaetylut,  PhilL,  sp.  et  Tar., 
G.  tquamifn\  MS.,  G.  tncurvatutf  Ang.,  sp.,  G.  retTU- 
eo8uSf  n.  sp.,  G.,  sp. 

About  12  of  these  species  occur  in  the  Gotland  beds  "c"  and  "d,*' 
which  are  considered  the  equivalents  of  the  Wenlook  shale  aud 
Limestone  in  this  country,  whilst  32  species  have  been  met  with 
in  the  Crinoid  and  Coral  conglomerate,  bed  "f",  which  is  correlated 
with  our  Aymestry  Limestone  or  Lower  Ludlow.  But  two  of  the 
above  species  are  fairly  common  both  in  Gotland  and  England, 
viz.  FtBocrinua  pilula  and  Merpetocrinua  Flefcheri;  the  only  other 
species  occurring  in  the  two  regions  are  Herpetocrimis  AmmoniSt 
Calceocrinus  nitidtiSt  Cyathocrinus  acinotubtis,  Gissocrinus  gonio- 
dactyluSf  et  van,  and  G.  squamiferf  so  that,  as  the  author  remarks, 
the  Crinoids  afford  but  little  assistance  in  correlating  the  strata  iu 
the  two  countries. 

Although  Mr.  Bather  adopts  Wachsmuth  and  Springer's  classi- 
fication for  the  order  Inadunata,  he  now  substitutes,  in  place  of 
their  suborders,  "  Larviformia "  and  **  Fistulata,"  the  new  divisions 
of  the  "  Monocyclica  "  and  **  Dicyclica,"  the  former  possessing  only 
one  circlet  of  interradially  situated  basals,  the  latter  having  an 
additional  circlet  of  infrabasals,  radially  situated  between  the  basals 
and  the  stem.  The  Monocyclica  will  include  all  the  genera  placed 
in  the  Larviformia,  with  the  possible  exception  of  Cupressocrintu 
and  the  GasterocomidsB,  and  the  further  additions  of  the  Hybo- 
crinidsd,  Calceocrinidse,  Oatillocrinidse  and  perhaps  Belemnoerinus, 
The  Dicyclica,  again,  will  comprise  the  three  families  of  the 
DendrocrinidsB,  Decadocrinidad  and  CyathocrinidsB,  and  the  pro- 
visional families  CarabocrinidsB  and  Euspirocrinidsa.  In  this 
division  there  is  a  more  regular  pentamerous  symmetry  in  the 
oup-plates  than  in  the  Monocyclica,  and  it  is  only  iu  the  right 
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posterior  radial-plate  that  traces  of  biseotion  ever  occur.  This 
new  arrangement  is  put  forward  tentatively,  but  the  author  claims 
that  it  is  more  philosophical  than  that  for  which  it  is  substituted. 

Among  the  many  points  of  interest  brought  to  light  by  Mr. 
Bather  from  the  study  of  the  Gotland  Crinoids  (and  of  those  from 
the  corresponding  beds  in  this  country)  is  the  discovery  of  an  anal 
plate  in  the  dorsal  cup  of  Pisocrinus,  which  thus  determines  the 
posterior  interradius  and  proves  the  azygous  plate  to  be  a  true 
radianal.  This  involves  a  complete  change  in  the  hitherto  received 
orientation  of  the  calyx  plat«s  in  this  genus,  and  brings  it  into 
harmony  with  the  rest  of  the  Monocyclica.  The  author  proposes  to 
add  the  genus  Calycanthoerinns  to  the  family  PisocrinidsB,  as  defined 
by  von  Zittel,  and  to  remove  from  it  Catillocrinus,  Troost,  on  account 
of  the  absence  of  a  radianal  plate  in  this  form. 

In  the  family  of  the  Heterocrinidse  are  included  the  genera 
Iocrinu8,  Hall,  Heierocrinus,  Hall  {non  W.  and  S.),  Bctenocrinus, 
S.  A.  Miller,  Ohiocrinus,  W.  and  S.,  AnomalocrinuSj  Meek  and 
Worthen,  and  Herpetocrinm,  SaXter = If y el odactylus,  Hall.  This 
latter  is  the  only  genus  represented  in  Gotland,  and  a  nearly 
complete  account  of  its  morphology,  mainly  based  on  specimens 
of  H.  Fletcheri,  Salter,  from  Dudley  as  well  as  from  Sweden,  is 
given.  This  genus  is  best  known  from  the  peculiar  manner  in 
which  the  stems  with  their  two  rows  of  cirri  occur  coiled  up  on 
the  surface  of  the  rock,  giving  a  fanciful  resemblance  to  a  huge 
centipede;  it  is  also  further  noticeable  from  the  curious  mistakes 
which  have  been  made  in  the  determination  of  fragmentary  speci- 
mens referred  to  it.  The  forms  first  placed  in  the  genus  were  some 
ossicles  or  joints  of  the  stem,  which  Professor  Jas.  Hall  mistook  for 
portions  of  the  arras  and  pinnules  of  the  Crinoid,  and  described  them 
as  belonging  to  a  distinct  genus,  which  he  named  Myelodactylus. 
On  this  error  Mr.  Bather  remarks,  tljat  "  it  should  have  been  clear 
th.'it  the  specimens,  whatever  they  were,  were  not  the  brachials  of  a 
Crinoid ;  for  the  *  tentacles  '  were  represented  as  two  to  each  ossicle. 
In  no  Crinoid  is  there  more  than  one  pinnule  to  a  single  brachial :  such 
an  occurrence  is  an  evolutionary  impossibility.**  (The  italics  are  the 
writer's.)  Prof.  Hall's  mistake  was  pointed  out  by  J.  W.  Salter, 
who  correctly  described  the  stem  and  crown  of  the  Crinoid,  and, 
on  the  ground  that  the  name  proposed  was  based  on  false  ideas, 
substituted  for  it  the  name  Herpetocrinus,  Strangely  enough,  in 
the  present  paper,  Mr.  Bather  describes  as  the  stem  of  a  new 
species,  Herpetocrinus  scolopendra,  an  open  helicoid  coil  with  two 
short  cirri  to  each  ossicle ;  this  stem  is  stated  *'  to  very  closely 
resemble  the  arms  of  a  Crinoid  with  cirri  coming  oflf  as  pinnules ; 
with  this  important  difference  that  each  ossicle  bears  two  cirri" 
— which  is  pronounced  above  to  be  an  evolutionary  impossibility. 
After  this  description  was  printed  off,  the  clearing  away  of  the 
matrix  from  the  supposed  stem  and  cirri  revealed  that  these  bodies 
Were  furnished  with  a  ventral  groove,  and  consequently  that  they 
were  genuine  arms,  each  brachial  having  a  pair  of  pinnules  in  spite 
of  the  evolutionary  impossibility  of  such  a  fact    The  difficulty,  how- 
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ever,  is  easily  overcome  by  the  aathor  in  pronouncing  the  pinnnles 
to  be  "  false/'  on  the  ground  that  though  their  structure  is  similar 
to  that  of  true  pinnules,  yet  they  are  articulated  in  the  middle, 
instead  of  at  the  further  end  of  the  brachial ! 

In  the  family  CalceocrinidsB  are  included  the  following  genera: 
CastocriwiSy  Bingueberg,  Euckirocrinus,  M.  i^nd  W.,  Calceocrinus 
(Hall),  Kingueberg,  and  Halysiocrinus  (Ulrich),  Bather.  These  four 
genera  are  considered  to  represent  an  evolutionary  series  and  not 
divergent  branches,  so  that  many  forms  of  an  intennediate  nature 
might  be  expected  to  occur.  A  list  of  all  the  known  species  of 
these  genera  is  given.  Calceocrinus  is  the  only  genus  of  the  series 
known  in  Gotland;  one  species  had  been  described  by  Angelin, 
and  to  this  six  new  ones  are  added  by  the  author.  One  of  the  new 
forms,  C.  pinnulatus,  differs  from  the  type  and  all  the  other  species 
in  this  genus  in  the  possession  of  pinnules  on  the  arms  and  in  the 
plan  of  arm-branching. 

Of  the  suborder  Dicyclica,  the  first  family  treated  is  the  Dendro- 
crinidse,  which  is  distinguished  from  the  Decadocrinidsd  by  the 
continuous  dichotomy  instead  of  the  single  bifurcation  of  the  arms, 
and  from  the  Cyathocrinidse  by  the  constant  occurrence  of  a 
plate  in  the  anal  area,  the  wide  radial  facet,  and  the  more  delicate 
tegmen.  This  family  is  divided  into  the  Dendrocrinites  and  the 
Scaphiocrinites ;  in  the  former  are  included  the  genera  Ilerocrinutf 
OttawacrinuSy  Dendrocrinus,  MastigocrinuSf  Bomocrinus,  and  ParxsO' 
crinut.  Of  these,  only  HomocrinuSf  Hall,  is  represented  in  Gotland 
by  one  species ;  the  genus  had  only  previously  been  known  in 
America. 

The  family  Euspirocrinidas  definitely  includes  only  the  genus 
JSuspirocrinus,  Aug.,  but  two  other  genera,  CI  osier  oerinuB  and  Am- 
pheristocrinva,  are  associated  with  it  provisionally.  Euspirocrinut 
is  described  as  possessing  the  dorsal  cup  of  an  advanced  Dendro- 
crinite  with  the  tegmen  of  a  Cyathocrinite,  whilst  its  arms  might 
belong  to  either  of  these  groups.  The  character  of  the  tegmen  of 
the  calyx  is  well  shown  in  an  example  of  E.  spiralis,  figured  by 
Angelin  (Icon.  pi.  iv.  figs.  7d.  e),  and  reproduced  on  a  larger  scale 
by  the  author  (p.  Ill,  fig.  14).  In  this  the  food-grooves  from  the 
arms  are  continued  along  wide  channels  formed  by  the  depressed 
edges  of  the  large  heart-shaped  deltoidal  plates,  and  these  channels 
pass  directly  into  the  peristome,  which  is  bounded  on  four  sides 
by  the  deltoids  and  on  the  fifth  by  the  madreporite  plate.  The 
channels  are  covered  over  by  the  ambulacral  plates,  which  are  fitted 
into  small  depressions  in  the  deltoids. 

The  family  Decadocrinidae,  previously  proposed  by  Mr.  Bather, 
may  be  divided  into  several  series,  but  only  one,  Botryocrinites,  is 
represented  in  the  Gotland  Silurian.  This  division  includes  the 
genera  Botryocrivus,  Barycrinus,  VasocrinuSy  Atelestocrinus,  and  a 
new  genus,  Oothocrinus,  which  is  said  to  possess  a  Dendrocrinus  cup 
with  Botryocrinus  arms.  Under  Botryocrinus,  Aug.,  in  addition  to 
B.  ramonissimus,  Aug.,  the  author  also  places  Sicyocrinus  cucurhi- 
'iaeeus,  Aug.,  distinguished   by   its  peculiarly  curved  ventral  sac, 


Reviews — Bather's  Cnnoidea  of  Gotland.  135 

which  is  built  np  of  a  median  dorsal  row  of  plain  hexagonal  plates 
lying  between  similar  rows  of  plates  folded  on  their  outer  sides,  and 
thus  it  differs  hardly  at  all  from  the  ventral  sao  of  B.  ramosis8imu$. 
The  author  failed  to  find  any  pores  or  slits  in  the  ventral  sao,  but 
there  appears  to  be  an  anal  opening  bordered  by  small  plates  nearly 
at  the  base  on  the  posterior  side  of  the  sac  (pi.  vi.  fig.  183). 

The  genus  Streptocrinus,  W.  and  S.  (=*  Ophiocrinus,  Aug.,  not 
Salter,),  cannot  at  present  be  placed  in  any  recognized  family.  The 
only  known  species,  S.  crotalurua,  Aug.,  sp.,  is  solely  represented  by 
mere  fragments,  amongst  which  are  the  curled-up  pinnulated  arms, 
supposed  at  first  to  be  the  stems  with  cirri  of  a  species  of  HerpetO' 
crintis.  The  paired  pinnules  possess  a  broad  V-shaped  ventral 
groove,  covered  by  quadrangular  plates  similar  to  those  of  the 
brachials.  The  author  considers  that  they  have  arisen  as  merely 
processes  of  the  brachials,  and  they  are  termed,  as  already  men- 
tioned, ''  false  "  pinnules. 

The  important  family  of  the  Cyathocrinidaa  is  defined  as  Inadu- 
nata,  Fistulata,  Dicyclica,  with  no  ra<Hanal  or  tube-plate  iu  the  anal 
area  of  the  dorsal  cup ;  with  the  anal  x-plate  either  present  in  the 
cup  or  raised  above  it ;  with  five  arms,  simple  and  dichotomous,  and 
with  a  rather  solid  tegmen.  To  Cyatkocrinus  itself  14  species  from 
Gotland  wei*e  referred  by  Angelin,  but  some  of  these  turn  out  to  be 
synonyms,  and  others  were  not  well  founded,  so  that  now  only 
9  species  remain,  and  two  of  these  are  new  forms.  \n  C,  acinotuhuSt 
Ang.,  and  in  some  other  species  of  this  genus  as  well,  the  author 
describes  and  figures  some  very  interesting  structural  features  in  the 
ventral  covering- plates  of  the  arm  ossicles,  which  exhibit  a  very 
elaborate  ari*aiigement  of  their  articulating  surfaces.  Each  coveriug- 
plate  ap[>ears,  from  the  exterior,  to  be  divided  by  a  suture,  and  on 
the  interior  there  is  a  small  round  ossicle.  The  edges  of  the  ventral 
groove  are  also  marked  ofif  into  concave  subcresceutic  facets  for  the 
articulation  of  the  covering-plates,  and  each  facet  has  a  median  notch. 
The  proximal  articulating  portion  of  the  covering-plates  is  similarly 
marked  off.  These  structures  are  well  shown  on  pi.  vii.  figs.  208- 
213,  243-247,  and  pi.  viii.  figs.  249-250,  254-256. 

The  genus  GissoerinuSf  Aug.,  is  numerously  represented  in  Got- 
land, and  10  species  are  described.  This  genus  has  generally  been 
considered  as  differing  from  Cyatkocrinus  only  in  having  three 
instead  of  five  infrabasals,  but  the  author  points  out  that  it  is  further 
characterized  by  the  very  distinct  axial  ridging  of  the  cup-plates, 
the  lateral  compression  of  the  distal  portions  of  the  arms,  the 
elevated  or  oornice-like  rim  at  the  distal  ends  of  the  brachials,  the 
strong  transverse  folding  of  the  plates  of  the  ventral  sac,  and  its 
length  and  lateral  compression.  The  covering- plates  of  the  brachials 
in  home  species  are  even  more  complicated  than  in  Cyatkocrinus.  In 
sume  instances,  as  in  G,  typus  for  example  (pi.  viii.  tigs.  273-275), 
they  form  such  a  close-fitting  series  that  it  is  difficult  to  see  how  the 
food-grooves  can  have  communicated  with  the  exterior,  unless  it 
were  at  the  distal  ends  of  the  arms. 

The  above  desultory  notes  on  the  contents  of  this  Part  (I.)  will. 
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perhaps,  enable  even  those  not  specially  acquainted  with  fossil 
Cnnoids  to  understand,  to  some  extent,  the  importance  of  Mr. 
Bather's  work  in  relation  to  these  organisms.  The  minutely  de- 
tailed descriptions  which  he  has  given  of  the  structural  characters 
of  the  different  species,  and  the  abundant  and  faithful  illustrations, 
render  the  particular  features  on  which  their  classification  depends 
easy  of  recognition,  and  thus  will  amply  compensate  for  the  brief 
diagnosis  and  the  artistically  (but  too  frequently  erroneously)  re- 
stored figures  in  Angelin's  great  work,  which  have  not  seldom 
proved  confusing  to  the  more  critical  students  of  the  present  day. 
We  very  cordially  congratulate  the  author  on  the  amount  and 
excellence  of  the  work  performed  during  the  "  vacations "  of  two 
years,  and  the  Swedish  Academy  on  their  success  in  getting  their 
almost  unrivalled  collection  of  Crinoids  made  available  for  the 
service  of  science  a  second  time.  We  cannot,  however,  conclude 
this  notice  without  expressing  a  feeling  of  regret  that  the  grand 
collection  of  British  Silurian  and  Carboniferous  Crinoids  in  our  own 
Natural  History  Museum  should  up  to  the  present  remain  practically 
undescribed  and  unknown  to  the  scientific  world.  Mr.  Bather  has, 
indeed,  commenced  to  describe  them  in  some  papers  which  have 
appeared  at  intervals  since  1890  in  the  Annals  and  Mag.  Nat  Hist., 
but,  when  we  compare  the  humble  scale  of  these  with  the  elaborate 
Part  1.  now  before  us,  the  contrast  is  so  striking  that  we  are 
tempted  to  enquire  why  there  should  not  be  prepared  a  "non- 
vacation  "  work  on  the  fossil  Crinoids  in  the  British  Museum,  on 
the  same  pattern  as  that  which  our  author  has  so  well  carried  oat 
for  the  Swedish  Academy  by  way  of  a  holiday  exercise?  The 
writer  of  the  review  on  Angelin*s  Iconographia,  which  appeared  in 
this  Magazine  in  1878,  commented  on  the  neglect  in  the  treatment 
of  these  organisms  in  our  country,  but  scarcely  anything  has  been 
done  in  the  interval  to  remedy  it.  It  is  high  time  that  the  reproach 
should  be  removed,  and  it  is  to  be  hoped  that  before  long  our  home 
Crinoids  will  be  as  adequately  treated  as  those  of  Gotland. 

G.  J.  H. 

II. — TJbBER    EIOBNTHiJMLTCHB     ObSIDIAN-BoMBBN    AU8    AUSTRALIEN. 

Von  Hbrrn  Alfred  W.  Stklznek  in  Freiberg  i.  S.  Zeitschr. 
d.  Deutschen  geolog.  Gesellschaft,  Jahrg.  1893,  pp.  299—319, 
pi.  vi. 

On  some  peculiar  Obsidian-Bombs  from  Australia. 

THE  bombs  described  by  Dr.  Stelzner  in  this  paper  were  found 
on  the  surface  of  the  ground  at  Kangaroo  Island,  S.W.  of 
Adelaide ;  in  the  region  of  Macdonnel  Hange  in  Central  Australia ; 
and  in  the  great  Victoria  desert  between  the  Everard  Range  and 
the  Eraser  Hange.  Similar  bombs  are  also  reported  to  occur  in 
other  parts  of  Australia,  more  particularly  in  the  North  and  West; 
and  Charles  Darwin,  in  the  ''Volcanic  Rocks  of  the  Island  of 
Ascension,'*  describes  and  figures  a  fragment  of  a  similar  bomb 
found  on  the  sandy  plains  between  the  Darling  and  the  Murray. 
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In  none  of  the  areas  in  which  these  bombs  occur  is  there  any 
indication  of  either  active  or  extinct  volcanoes,  and  the  question  of 
their  distribution  is  a  problem  which  the  author  does  not  attempt  to 
solve. 

The  specimens  all  consist  of  a  black  compact  and  homogeneous 
glass,  with  a  very  few  small  and  isolated  gas  inclusions,  hut  no 
crystals  of  any  kind.  The  specific  gravity  varies  between  241  and 
2*52.  There  is  no  doubt  that  the  bombs  are  really  of  Obsidian,  and 
that  they  are  volcanic  in  origin.  One  specimen  is  polyhedral  in 
form,  others  are  rounded  or  ellipsoidal,  with  the  peculiarity  that 
they  appear  as  if  built  up  of  two  distinct  halves,  one  somewhat 
flatten<Ml  and  larger,  the  other  more  convex  and  smaller.  In  two 
instances  the  form  is  that  of  a  button-shaped  mushroom  ;  as  if  the 
smaller  of  two  rounded  thick-walled  shells  had  been  pressed  into 
the  concavity  of  the  larger.  One  specimen  is  a  hollow  sphere, 
which  may  have  been  simply  a  large  bubble  enclosed  by  glassy 
walls.  Ill  this  hollow  bomb  and  in  the  mushroom-like  forms 
there  are  on  the  larger  and  flatter  hemisphere,  and  on  this  only, 
from  four  to  six  ring-like  elevations  parallel  with  the  equatorial 
margin,  as  well  as  fine  straight  or  wavy  lines,  having  a  meridional 
direction  ;  and  further,  this  flatter  half  has  a  distinctly  varnished 
appearance  in  contrast  with  a  dull  aspect  on  the  other  more  convex 
half  of  the  bomb. 

The  peculiar  form  of  these  bombs,  and  the  pittings  and  other 
markings  on  their  surfaces,  are  attributed  to  the  resistance  which 
they  encounter  in  their  flight  through  the  atmosphere,  and  their 
individual  diflerences  probably  depend  on  the  greater  or  lesser 
plasticity  of  the  lava  when  the  explosion  takes  place,  and  the 
varying  rapidity  of  the  projectile  and  the  consequent  varying  force 
of  the  resistance  of  the  atmosphere.  The  bombs  examined  range 
from  15  mm.  to  55  mm.  in  their  greatest  diameter. 


III. — 1.  Presidential  Address  :  The  Cretaceous  System  in 
Canada.  By  J.  F.  Whiteaves.  (Transactions  of  the  Royal 
Society  of  Canada,  Section  IV.  1893,  pp.  3-19.) 

2.  Note  on  the  Regent  Discovert  op  Large  Unio-like  Shells 
IN  THE  Coal-measures  at  the  South  Joggins,  Nova  Scotia. 
By  J.  F.  Whiteaves.  (Transactions  of  the  Royal  Society  of 
Canada,  Section  IV.  1893,  pp.  21-24.) 

1.  rpHE  first  of  these  papers  contains  an  interesting  summary  of 
1  the  Cretaceous  system  of  Canada  from  the  palaeontologist's 
Btand|>oint,  and  as  it  proceeds  from  the  pen  of  one  of  the  best 
authorities  on  the  American  Mesozoics  the  views  put  forth  iu  it 
carry  weight. 

The  literature  of  the  subject  dates  from  the  year  1857,  at  which 
time  F.  B.  Meek,  that  most  accomplished  of  American  palceon- 
tologists,  described  some  fossils  from  the  Cretaceous  rocks  of 
Vancouver  Island  (Trans.  Albany  Institute),  and  in  the  same 
]fear  Dr.  J.  S.  Newberry  discussed  the  age  of  the  rocks  associated 
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with  the  Coal  on  Yanoouver  Island,  and  ooncluded  upon  palason- 
tological  evidence  that  they  were  Cretaceous.  In  the  following 
year,  Dr.  B.  F.  Sbuniard  (Trans.  St  Loais  Academy  of  Sciences) 
described  some  fossils  from  the  Cretaceous  rocks  of  the  Nanaimo 
River.  He  was  followed,  in  1859,  by  Prof.  Leo  Lesquerenx, 
who,  in  the  27th  volume  of  the  American  Journal  of  Science 
and  Art,  described  some  fossil  plants  from  the  same  rocks 
belonging  to  the  genera  Fop^Uus,  Qnercus,  and  OinnafROfiiiiiii,  which, 
however,  he  regarded  as  of  Miocene  age.  Captain  Palliser's  ex- 
plorations in  British  North  America  were  fruitful  in  palaaontolugical 
results,  worked  out  by  Dr.  (now  Sir  James)  Hector.  In  the  same 
year  (1859)  fossils  collected  in  the  country  between  Lake  Superior 
and  the  Red  River  Settlement,  and  between  the  latter  and  the 
Assiniboine  and  Saskatchewan  rivers,  were  sent  to  Mr.  E.  Billings, 
then  palasontologist  to  the  Gleological  Survey  of  Canada,  who  found 
that  the  specimens  supplied  ''almost  indisputable  evidence  that  a 
considerable  part  of  the  territory  belongs  to  the  Cretaceous  period, 
or  the  great  Chalk  formation  so  largely  developed  in  the  Old  World." 
In  1861  Dr.  Hector,  in  a  paper  on  the  geology  of  the  country 
between  Lake  Superior  and  the  Pacific  Ocean  (Palliser's  Expedition, 
1857-60),  compared  the  Cretaceous  rocks  east  of  the  Rocky 
Mountains  with  those  of  Vancouver  Island,  and  published  an  ideal 
vertical  section  of  the  Cret6U)eous  system  in  British  North  America, 
which  agrees  in  part  with  Meek  and  Hayden's  Upper  Missouri 
section.  Lists  of  the  Cretaceous  fossils  were  contributed  by  Mr. 
Etheridge ;  but  most  of  the  fossils  were  only  determined  generically. 
Nineteen  species  were  recorded,  all  marine  mollusca.  Eleven  of 
these  were  from  various  localities  now  called  Manitoba  and  the 
districts  of  Assiniboia,  Saskatchewan  and  Alberta,  and  eight  from 
Nanaimo,  Comox  or  Valdez  Inlet.  No  less  than  thirteen  of  the 
species  are  identified  with  Texan  or  Mexican  species.  Again, 
in  1861,  Meek  described  the  following  Cretaceous  fossils  from 
Vancouver  and  Sucia  Islands,  viz. :  Dosinia  tenuis^  from  Nanaimo ; 
Inoceramu8  subundatttSf  Baculiies  occidenialis.  Ammonites  Vancou' 
verensis  and  Nautilus  Campbelli,  from  Comox;  Ammonites  complexnSt 
var.  SuciensiSf  from  Comox  and  the  Sucia  Islands;  and  Baculiies 
inornatus  from  the  Sucia  Islands.  A  few  plants  were  described  in 
1863  by  Dr.  Newberry  (Boston  Journ.  Nat.  Hist.  vol.  vii.),  viz. 
Aspidium  Kennerlyi  and  Taxodium  cuneatum,  from  Nanaimo ;  also 
Populus  rhomboidea  of  Lesquereux  and  a  Sabal^  afterwards  described 
by  Sir  J.  W.  Dawson  under  the  name  of  Sabal  imperialis  (Trans. 
Royal  Soc.  Canada,  sec.  1).  The  first  volume  of  the  Palsaontology 
of  California  (1864)  contains  descriptions,  by  W.  M.  Qabb,  of  two 
new  species  from  Nanaimo,  viz.  Hamites  Vancouverensis  and  Feeten 
Traskii,  Since  the  confederation  of  the  provinces  of  Canada  in 
1867,  much  work  has  been  done  upon  the  Cretaceous  rocks  of 
Manitoba  and  the  North -West  Territories  and  in  the  Rocky 
Mountains  and  British  Columbia  by  Sir  J.  W.  Dawson,  Doctors 
Selwyn,  G.  M.  Dawson,  R.  Bell,  and  J.  W.  Spencer,  and  by  Messrs. 
J.  Richardson,  R.  G.  MoConnell,  and  J.  B.  TyrrelL    In  summarizing 
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the  results  of  the  work  of  these  geologists  Mr.  Whiteaves  follows 
the  CretaceoQS  rocks  in  a  direction  from  east  to  west  geographically, 
and  in  a  descending  order  geologically,  thus :  (I)  Manitoba  and  the 
North-West  Provinces ;  (2)  the  Rocky  Mountain  region ;  (3)  British 
Columbia,  inclusive  of  the  islands  o£f  the  Pacific  Coast;  (4)  the 
Yukon  district. 

In  Canada,  as  in  the  United  States,  it  is  found  convenient  to  adopt 
a  single  division  of  the  Cretaceous  system  and  to  draw  the  line 
between  the  Upper  or  Later  and  the  Lower  or  Earlier  North 
American  Cretaceous,  as  nearly  as  possible  at  the  base  of  the  Dakota 
Group,  or  of  that  of  its  local  representative. 

Manitoba  and  the  North-  West  Territories. — In  these  regions  all  the 
Cretaceous  rocks,  as  yet  examined,  appear  to  be  referable  to  the 
Upper  or  Later  North  American  Cretaceous,  as  defined  above.  "  It 
is  still  doubtful,"  observes  Mr.  Whiteaves,  **  whether  the  Laramie 
formation  of  Canada  should  be  regarded  as  forming  the  summit  of 
the  Cretaceous  or  the  base  of  the  Tertiary  system,  though,  at  present, 
the  consensus  of  opinion  among  geologists  would  seem  to  favour  the 
former  view.  In  mapping  the  northern  part  of  the  district  of 
Alberta,  Mr.  Tyrrell  found  that  the  Laramie  there  is  divided  into 
two  series,  and  has  expressed  the  opinion  that  its  upper  portion, 
which  he  proposes  to  call  the  Pascapoo  series,  is  of  Eocene  age,  and 
that  its  lower  portion,  which  he  calls  the  Edmonton  series,  and 
which  is  equivalent  to  Dr.  Dawson's  *St  Mary  River  series,'  of 
Southern  Alberta,  is  Cretaceous.  This  division  is  based  mainly  upon 
palseontological  evidence,  and  more  especially  upon  the  circumstance 
that  the  Edmonton  series  is  now  known  to  contain  numerous  remains 
of  Dinosaurs  {Lcslaps,  etc.),  and  that  it  is  the  highest  horizon  in 
Canada  at  which  Dinosaurs  are  known  to  occur."  The  divisions 
adopted  for  the  rocks  of  Manitoba  and  the  North-West  Ten*itories 
are:  (1)  The  Laramie,  in  whole  or  in  part;  (2)  The  Pierre- Fox 
Hills  or  Montana  formation;  (3)  The  Belly  River  series;  (4)  The 
Niobrara-Benton,  or  Colora<lo  formation  ;  (5)  The  Dakota.  It  was 
found  that  in  this  region  it  was  no  longer  practicable  to  separate  the 
Fox  Hills  group  from  the  Fort  Pierre  group,  nor  the  Niobrara  from 
the  Benton. 

The  Rocky  Mountain  Region  {inclusive  of  the  Foot  Hills), — In  this 
region  the  Cretaceous  rocks  occupy  the  bases  of  narrow  troughs  in 
the  Palasozoic  rocks.  The  fossils  consist  of  the  remains  of  plants  or 
of  marine  invertebrata.  By  means  of  the  plants  Sir  J.  W.  Dawson 
recognized  three  horizons  in  this  region,  viz.  (1)  The  Mill  Creek 
series  ;  (2)  The  Intermediate  series  ;  (3)  Tlie  Kootanie  series.  The 
following  estuarine  or  purely  marine  divisions  of  the  distorted 
Ci*etaceou8  rocks  of  this  region  have  been  recognized:  (1)  The 
Laramie  ;  (2)  The  Pierre- Fox  Dills,  or  Montana  formation  ;  (3)  The 
Niobrara-Benton,  or  Colorado  formation ;  (4)  The  DeviFs  Lake 
Deposit. 

British  Columbia  and  the  Islands  off  the  Pacific  Coast. — The  Cre- 
taceous rocks  of  this  region  are  taken  in  the  following  order:  (1) 
The  Nanaimo  group  of  Vancouver  and  the  adjacent  islands ;  (2)  The 
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Queen  Charlotte  Island  series ;  (3)  The  Cretaoeons  at  other  localities 
in  the  provinoe.  It  is  judged  from  palsBontologioal  evidenoe  that  the 
lower  and  middle,  or  most  fossil iferous,  subdivisions  of  the  Nanaimo 
group  are  referable  to  the  Upper  or  Later  rather  than  to  the  Lower 
or  Earlier  North  American  Gretaoeous.  The  Queen  Charlotte  Island 
Cretaceous  has  been  thoroughly  investigated,  first  by  Mr.  James 
Richardson,  and  later  by  Dr.  G.  M.  Dawson.  Numerous  fossils  have 
been  collected  by  both  these  explorers,  and  they  have  been  described 
by  Mr.  Whiteaves  in  his  "  Mesozoic  Fossils,"  published  by  the  G^eo- 
logical  Survey  of  Canada.  Cretaceous  rocks  occur  also  at  Tatlayooo 
Lake,  Jackass  Mountain,  Sigutlat  Lake,  and  the  Iltas^uoo  Biver, 
all  on  the  mainland. 

The  Yukon  District — This  district,  though  included  in  the  North- 
West  Territories,  is  geologically  more  nearly  related  to  British 
Columbia,  and  it  is  therefore  considered  here.  Fossil  plant  remains 
(reported  upon  by  Sir  William  Dawson)  were  found  by  the  memhers 
of  Dr.  G.  M.  Dawson's  exploring  expedition  of  1887-1888  (Qeol. 
Surv.  Canada,  1889).  Some  new  species  of  marine  invertebrates 
were  also  obtained  by  Dr.  Dawson  at  Bink  Bapids,  viz.  Diseina 
pileolus  (afterwards  changed  to  D.  Dawsoni),  Cyprina  Yuhmeiuis, 
Schlcenhachia  horealis^  and  Estheria  bellula  (Contributions  to  Canadian 
PalsQontology).  Finally,  in  1888,  Mr.  B.  G.  McConnell  discovered 
rocks  holding  Scaphites,  resembling  one  of  the  Benton  species,  on 
the  Porcupine  Biver,  fourteen  miles  below  the  mouth,  of  the  Bell 
Biver,  and  further  down  the  Porcupine  he  found  sandstones  full  of 
one  of  the  varieties  of  Aucella  Mosquensia. 

No  less  than  108  species  of  fossil  plants  have  been  recorded  or 
described,  up  to  the  present  time,  from  the  Canadian  Cretaceous, 
exclusive  of  the  Laramie,  or  179  species  including  the  Laramie; 
and  358  species  of  animal  remains  from  the  undoubted  Cretaoeons 
rocks  of  the  Dominion  are  now  known,  or  394  if  the  Laramie 
be  included.  Mr.  Whiteaves  concludes  his  Address  by  saying  that 
"  a  comparatively  small  portion  of  the  Cretaceous  rocks  of  Canada 
has  been  examined  in  any  detail,  and  more  or  less  isolated  areas  of 
these  rocks  are  known  to  exist  in  parts  of  the  Canadian  North- West, 
about  which  scarcely  any  other  information  has  been  obtained. 
Still,  the  facts,  as  summarized  in  this  Address,  are  sufficient  to 
show  that  substantial  additions  to  our  knowledge  of  the  geographical 
distribution,  of  the  economic  products,  and  of  the  fossil  flora  and 
fauna  of  the  Cretaceous  rocks  of  Canada,  have  been  made  within 
the  quarter  of  a  century  that  has  elapsed  since  the  oonfederation 
of  the  Provinces." 

2.  In  the  second  paper  before  us  an  account  is  given  of  the  dis- 
covery of  two  very  large  Uuio-like  shells,  for  which  the  author  proposes 
the  new  generic  name  Asthenodonta  (aaOemj^j  weak,  in  the  sense  of 
feebly  developed ;  and  ocov^,  a  tooth).  In  passing  in  review  the 
literature  of  the  subject  of  the  ancient  representatives  of  UniOt 
Margnritana  and  Anodontaf  it  is  remarked  that  fresh-water  shells 
belonging  to  these  genera  have-not  yet  been  satisfactorily  recognized 
in  rocks  older  than  the  Trias.     In  justification  of  the  rejection  of 
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these  names  for  fossil  genera,  Mr.  Whiteaves  quotes  the  late  Dr. 
S.  P.  Woodward  (Manocd  of  the  Mollusca,  p.  414)  that  the  molluscan 
genera  of  the  older  rocks  "  are  believed  to  be  nearly  all  extinct,  for 
althoagh  the  names  of  many  recent  forms  appear  in  the  catalogues 
of  Paladozoio  fossils,  it  must  be  understood  that  they  are  only 
employed  in  default  of  more  exact  information/'  Thus  the  Anodonia 
Jukesii  of  Forbes,  from  the  Upper  Old  Red  Sandstone  of  Ireland, 
is  the  type  of  the  recently  proposed  genus  Archanodonta ;  and, 
similarly,  the  species  described  as  Unio  by  Sowerby,  Phillips  and 
others,  from  the  Coal-measures  of  Great  Britain,  are  now  referred 
to  Anthrckcoaia  or  Anthracomya,  **  But  although  there  is  at  present 
no  satisfactory  evidence  of  the  existence  of  any  of  the  recent 
genera  of  UnionidsB  in  rocks  of  Paladozoic  age,  the  family  seems 
to  have  been  then  represented  by  extinct  genera,  such  as  Amnigenia 
(and  possibly  Archanodonta  in  the  Devonian),  by  Naiadites  or 
Anthracomya  in  the  Carboniferous,  and  by  Palaomutela  and  Pal^eO' 
pleidon  in  the  Permian."  The  specimens  of  Asthenodonta  Westoni 
(the  subject  of  the  paper)  were  found  associated  with  large  frag- 
ments of  Sigillaria  and  Lepidodendron,  leaves  of  Cordaites,  and  a 
piece  of  the  lower  jaw  of  a  reptile.  The  stratigraphical  position 
of  the  sandstones  in  which  the  remains  occurred  is  believed  to  be 
between  Coal  Groups  31  and  32  of  Sir  J.  W.  Dawson's  South 
Joggins  section,  as  described  in  the  Accadian  Geology.  The  external 
contour  of  Asthenodonta  Westoni  is  not  unlike  that  of  large  specimens 
of  the  freshwater  pearl  mussel  (Margaritana  margaritifera,  Linn.), 
but  the  beaks  are  more  nearly  terminal  and  the  posterior  termina- 
tion of  the  valves  more  pointed  below.  The  test  is  very  thick,  and 
shows  nacreous  structure  under  the  microscope.  There  are  no  traces 
of  lateral  teeth  in  either  valve,  and  the  hinge  dentition  as  a  whole, 
so  far  as  it  can  be  ascertained,  is  in  some  respects  comparable  with 
that  of  Anihracosia.  Until,  however,  the  hinge  dentition  of  both 
of  its  valves  is  more  perfectly  known,  the  exact  systematic  position 
of  Asthenodonta  will  be  uncertain;  but  it  is  considered  by  its 
describer  to  represent  an  aberrant  and  extinct  type  of  Unionidse. 
The  length  of  the  most  perfect  specimen  collected  was  200  mm. ; 
height  in  the  centre  90  mm. ;  maximum  breadth  or  thickness  of 
the  two  closed  valves,  about  42  mm.;  thickness  of  the  anterior 
end  of  the  test  of  one  valve,  9  mm.  Abtuur  H.  Foobd. 


IV. — The  Protoconch  of  Orthoceras,     By  J.  M.  Clarke.     (The 
American  Geologist,  Vol.  XII.  August,  1893,  pp.  112-115.) 

rpHE  fortunate  discovery  of  a  perfect  specimen  of  the  extreme 
X  apex  of  an  Orthoceras  has  enabled  Mr.  J.  M.  Clarke  to  supply 
information,  hitherto  wanting,  as  to  the  nature  of  the  protoconcjh 
or  initial  chamber  of  that  genus.  Specimens  showing  the  penul- 
timate chamber,  with  external  cicatrix,  have  long  been  known,  both 
from  the  Carboniferous  limestone  of  Belgium  and  from  the  Triassic 
beds  of  St.  Cassian.  De  Eoninck  has  figured  the  Belgian  examples 
(Ann.  Mas.   fioy.  d'Hist  Nat.  Belg.),  Hyatt  those  of  St.  Cassian 
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("  Gknesifl  of  the  Arietidn  ").  Branoo  regarded  the  oioatrix-bearing 
conical  end  of  the  shell  in  Orthocerae  as  the  emhryonal  shell  or 
protoconch  ('' Anfangskammer"),  hat  Hyatt,  ohsenring  a  wrinkled, 
wart-ltke  lamp  at  the  apex  of  the  St  Cassian  specimens,  came  to 
the  conclusion  that  this  was  the  trae  protoconch,  and  assamed  from 
its  shrunken  condition  that  it  was  originally  composed  of  conchiolin 
and  hence  easily  destmctihle.  The  spedmen  (see  Figure)  which 
is  the  subject  of  Mr.  Clarke's  very  interesting  communication  was 
found  in  the  Styliola  limestone  of  the  Genesee  shales,  on  CSanandaigua 
Lake,  New  York  State,  in  an  association  of  species  which,  represents 
the  earliest  appearance  in  North  America  of  the  [Upper  Devonian] 
fauna  of  Ooniatitee  (Geph^roeertu)  intumeseene,  Beyrich.  The  speci- 
men *'  consists  of  the  first  or  apical  chamber  of  the  shell,  to  which 
the  protoconch  is  attached.  The  upper  end  of  the  specimen  shows 
the  first  septum  ...  .  to  be  circular  and  with  a  central  sipho.  The 
lateral  walls  of  the  first  chamber  taper  rapidly  to  the  plane  of  con- 
junction with  the  protoconch,  and  its  depth  is  about  one-half  that 
of  the  latter.     The  protoconch  itself  is  semi-ovoid  in  shape,  and 


a.  Outline  of  the  first  chamber  of  an  Orthoeera»  with  protoconch  attached ; 
by  base  of  the  first  chamber  (a)  showing  siphoncle.    Greatlj  enlarged. 

when  compared  with  those  of  Orthoceras  previously  described  or 
figured  [iu  the  shrunken  condition]  is  of  very  large  size.  It  shows 
no  indication  of  shrinking  or  other  irregularity  and  its  distal  ex- 
tremity is  perfectly  smooth.  The  length  of  the  entire  specimen  is 
*8o  mm. ;  that  of  the  protoconch,  '60  mm. ;  and  the  diameter  of  the 
first  septum,  1  mm."  Mr.  Clarke  observes  in  the  concluding  part 
of  his  paper  that  "it  is  probable  that  this  protoconch  has  been 
derived  from  a  shell  so  young  that  atrophy  and  wrinkling  have 
not  manifested  themselves,  as  they  may  have  done  with  the  more 
mature  development  of  the  shell.  This,  I  believe,  is  the  only 
recorded  observation  of  the  protoconch  in  PalsBOzoio  forms  of 
OrthoceroBy  and  its  shrunken  condition  in  the  post-Palaeozoic  forms 
may  have  a  phyletic  significance."  Abthur  H.  Foobd. 


Geolooical  Society  op  London. 
L— January  24th,  1894:.— W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair.     The  following  communications  were  read : 

1.  "The  Ossiferous  Fissures  in  the  Valley  of  the  Shode,  near 
Ightham,  Kent."     By  W.  J.  Lewis  Abbott,  Esq.,  F.G.S. 

The  fissures  occur  in  a  promontory  of  Kentish  Rag  between  two 
tributaries  of  the  Shode.  There  are  four  fissures  in  this  promontory, 
striking  at  right  angles  to  the  valley.     Details  of  the  physiography 
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of  the  area  in  whioh  the  fissures  occur  are  given  in  the  paper. 
Three  of  the  fissures  have  obviously  been  in  contact  with  the 
surface,  and  from  these  the  bones  appear  to  have  been  dissolved  out. 
The  fourth  does  not  reach  the  top  of  the  Rag,  and,  further,  is  sealed 
by  an  aragonite-lined  chamber  with  stalactitic  fioor  and  ceiling. 
This  fissure  is  from  2  to  6  feet  wide  and  about  80  feet  deep,  and  is 
filled  with  a  heterogeneous  collection  such  as  constitutes  the  flotsam 
and  jetsam  of  streams,  along  with  materials  derived  from  the  rock 
in  which  the  fissures  occur.  Several  thousand  bones  were  found, 
also  twelve  species  of  aquatic  and  land  shells,  an  entomostracan. 
Char  a  and  other  vegetable  remains  have  been  procured. 

The  author  gives  reasons  for  concluding  that  the  fissures  have 
never  been  re-opened  since  they  were  first  closed  by  the  materials 
introduced  into  them  by  the  river,  and  that  all  the  contained  fossils 
belong  to  one  and  the  same  geological  period.  He  points  to  the 
discovery  of  species  not  before  found  in  Pleistocene  beds  as  only  a 
repetition  of  what  has  occurred  in  other  sections  he  has  worked, 
and  remarks  also  that  the  increase  of  species  is  corroborative  of  a 
suggestion  of  Mr.  C.  Reid  that  the  more  we  discover  of  the  smaller 
creatures  of  this  and  the  preceding  age,  the  more  they  approximate 
to  those  of  our  own  times.  Even  if  we  were  to  exclude  from  the 
lists  all  the  species  not  previously  found  fossil  elsewhere,  we  still 
have  an  extensive  assemblage  of  the  older  Pleistocene  forms,  which 
must  have  lived  during  the  filling  of  the  fissures,  and  this,  there- 
fore, fixes  the  filling  operation  as  having  occurred  in  Pleistocene 
times. 

2.  "  The  Vertebrate  Fauna  collected  by  Mr.  Lewis  Abbott  from 
the  Fissure  near  Ightham,  Kent."  By  E.  T.  Newton,  Esq.,  F.R.S., 
F.G.S. 

The  vertebrate  remains  collected  by  Mr.  Lewis  Abbott  are  passed 
in  review,  and,  as  far  as  possible,  specifically  identified :  they  repre- 
sent mammals,  birds,  reptiles,  and  amphibians ;  but  no  fishes  have 
been  found.  In  all,  forty-eight  different  forms  have  been  recognized ; 
three,  or  perhaps  four,  are  extinct;  eleven  are  extinct  in  Britain, 
but  are  still  living  elsewhere;  twenty-one  are  living  in  Britain,  but 
are  known  to  be  Pleistocene  or  Forest-bed  forms;  and  twelve  are 
species  now  living  in  Britain  which  have  not  hitherto  been 
recognized  in  Pleistocene  or  older  deposits. 

Among  the  more  important  species  found  in  this  fissure,  but 
extinct  in  Britain,  may  be  noticed,  besides  Ehphas  primigemus, 
Rhinoceros  antiquitatis,  and  Hyana,  the  Ursus  arctos.  Cams  lagopus, 
My  odes  torquatus,  My  odes  lemmus,  Microtus  gregalisj  M.  ratticepSy 
Lagomys  pusillus^  Spermophilus,  and  Cervtis  tarandus.  The  name  of 
Mustela  robusta  is  proposed  for  some  limb-bones  intermediate 
between  the  Polecat  and  Marten,  and  the  remains  of  an  extremely 
small  Weasel  are  noticed  as  a  variety  of  Mustela  vulgaris.  Although 
the  large  number  of  living  species  gives  a  recent  aspect  to  this  series 
of  remains,  the  evidence,  it  is  believed,  points  rather  to  their  being 
all  of  Pleistocene  age,  and  most  nearly  allied  to  the  fauna  of  British 
caves. 
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BAPID    ELEVATIONS:    A    SELF-CRITICISM. 

SiB, — In  the  Gbol.  Mao.  for  1892  (p.  405),  I  published  a  note  on 
the  possible  effects  from  Bapid  Elevation  of  submerged  lands,  in 
reference  to  Prof.  Prestwich's  paper  on  the  Bubble  Drift  of  southern 
England.  In  it  I  said :  **  Most  violent  Japanese  earthquakes  exhaust 
their  potency  in  vibrations  measured  by  inches  or  less."  I  am  not 
aware  that  any  measurement  of  vibrations  have,  even  now,  given 
any  larger  values.  But  after  reading  a  paper  by  Prof.  Koto  on  the 
great  Japanese  earthquake  of  October,  1891,  it  does  not  seem  correct 
to  say  that  their  potency  is  exhausted  in  small  vibrations.  Prof. 
Koto  gives  both  descriptions  and  photographs  of  effects  from  this 
prodigious  convulsion,  and  these  include  the  formation  of  a  visible 
fault-line  more  than  70  miles  long,  with  a  relative  horizontal  dis- 
placement of  its  two  sides  along  its  direction,  of  from  3  to  6  or 
even  as  much  as  12  feet  in  length,  and  with  a  relative  vertical 
displacement  producing  a  step  along  the  fault,  whose  height  some- 
times reached  20  feet. 

Prof.  Koto  gave  attention  to  the  question  whether  this  step  was 
due  to  a  rise  of  the  region  on  one  side,  or  a  fall  of  that  on  the 
other.  We  might  expect  that  the  effects  on  watercourses  would 
have  afforded  a  criterion ;  however,  he  judges  that  the  evidence  is 
insufficient  for  a  decision.  He  regards  fall  as  more  probable,  but 
mentions  that,  while  in  general  the  western  side  of  the  fault  is 
lower,  along  one  portion  it  is  higher,  and  concludes  that  here  at  any 
rate  must  be  an  uplift,  for  which  accordingly  he  conjectures  au 
explanation.  His  conclusion  is  natural  and  probable.  Still  it  is 
not  quite  impossible  that  the  cause  of  the  dislocation  may  here  have 
changed  sides  of  the  fault.  If  water  be  drawn  off  from  a  frozen 
canal,  the  sinking  ice  breaks  with  a  longitudinal  crack ;  but  we 
should  not  be  surprised  to  find  the  two  sides  of  the  crack  irregular 
in  their  relative  levels.  Prof.  Prestwich's  theory  assumes  rapid 
elevations.  The  throw  of  this  fault  is  thus  not  proved  to  be  an 
elevation.  Also  how  rapid  was  it  ?  This  most  interesting  question 
does  not  seem  to  have  occurred  to  the  investigator.  He  describes 
a  great  shock,  followed  by  less  intense  repetitions  so  numerous  that 
100  were  counted  during  the  remainder  of  the  day,  and  300  in  the 
day  following.  Their  frequency  diminished,  yet  so  gradually  that 
after  the  lapse  of  a  fortnight  they  still  averaged  more  than  one  per 
hour.  Surely  these  numerous  disturbances  had  a  share  in  the  visible 
effect.  What  part  was  produced  by  them,  what  part  by  the  great 
convulsion  ?  How  nearly  was  the  change  "  instantaneous  ?  "  The 
slope  of  the  fault-step  is  described  as  being  the  angle  of  repose 
of  the  material;  but  this  would  be  the  natural  result  of  frequent 
shocks,  and  affords  no  argument  as  to  the  change  being  a  single 
effect  Any  evidence  on  this  subject  would  be  most  interesting  and 
valuable. 

It  appears,  then,  that  this  Japanese  Earthquake  does  not  afford 

an  undoubted  instance  of  such  a  Kapid  Elevation  as  Prof.  Prestwich's 

theory  assumes.     Nevertheless  the  argument  in  my  note  against  the 

credibility  of  the  theory  is  weakened,  for  one  of  my  main  data  is 

DOW  not  unquestionable.  E.  Hill. 

Thb  Ebctout:  Cocxtibld,  R.S.O.  ^\3ytoia. 
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. — On  thb  Stbuotube  and  Affinities  of  thb  Genus  Solknopora, 

TOGBTHEB  WITH  DESCRIPTIONS  OF  NsW  SpEGIES. 

By  Alex.  Bbomtn,  M.B.,  M.A.,  B.So. ; 
Aaristant  in  the  Natural  History  Department  in  the  TJniyersity  of  Aberdeen. 

(PLATE  V.) 

TN  the  present  paper  I  propose  to  give  the  resnlts  of  a  series  of 
investigations  carried  on  in  the  Zoological  Laboratory  of  the 
University  of  Aberdeen.  Through  the  kindness  of  Professor 
Nicholson,  I  have  had  acoess  to  his  admirable  collection  of  speci- 
nens  of  Solenopora,  Dyb.,  and  I  have  also  had  the  privilege  of 
jsing  his  extensive  series  of  microscopic  preparations  of  the  same. 
W^ith  such  material,  and  with  additional  preparations,  I  have  been 
mabled  to  examine,  not  only  species  already  described,  but  also  a 
aumber  of  new  species,  of  which  I  shall  in  this  paper  give  brief 
lescriptions.  From  examination  of  all  these  forms,  I  find  it  now 
practicable  to  determine  the  true  nature  of  the  genus  Solenopora,  Dyb. 
This  genus  has  been  described  from  time  to  time  under  various 
names  ;  but  there  is  no  doubt  that  Stromaiopora  compacta  of  Billings, 
Tetradinm  Peaehii  of  Nicholson  and  Etheridge,  Solenopora  spongioidea 
A  Dybowski,  and  Tetradium  Peaehii,  van  Canadense  of  Foord,  are 
in  reality  names  of  the  same  organism.  This  particular  form, 
lescribed  under  these  various  names,  is  known  as  occurring  in  the 
Drdovician  rocks  of  Canada,  Esthonia,  Scotland,  Wales,  and  Shrop- 
shire ;  and  will  doubtless  ultimately  be  detected  in  other  regions  in 
itrata  of  corresponding  age.  A  full  description  of  the  species, 
jnder  the  title  of  Solenopora  compacta,  Billings  sp.,  was  given  in 
1885  by  Prof.  Nicholson  and  Mr.  R.  Etheridge,  jun.  (Geol.  Mag. 
Dec.  III.  Vol.  II.  p.  629).  At  a  later  date  Prof.  Nicholson  further 
lescribed  another  species,  Solenopora  filiformis,  from  the  Craighead 
Limestones  (Geol.  Mag.  Dec.  III.  Vol.  V.  p.  15,  1888).  Still  more 
ecently  specimens  were  obtained  from  the  Great  Oolite  of  Glou- 
jestershire  and  Yorkshire,  which,  though  differing  in  structural 
letail,  can  be  readily  recognized  as  another  species  of  the  genus 
Solenopora.  Thus,  the  geological  range  of  this  organism  can  be  now 
extended  from  the  Ordovician  series  to  the  Jurassic  rocks.  Additional 
jpecimens  have  also  been  examined  from  Esthonia,  and  from  Craig- 
head, Girvan  ;  these  showing  important  structural  peculiarities,  and 
reminding  one  at  once  of  the  well-known  Nullipores  and  other 
2alcareou8  Alg89  of  the  present  day. 

DECADB    IT. ^VOL.   I. — ^NO.    IV.  \0 


146  Dr.  Alex.  Broum — On  Solenopwu. 

In  a  monograph  on  Solenopara  eompaeia  (Qiol.  MaGw  Deo.  III. 
Vol.  IL  p.  529),  Professor  Nioholson  refers  the  genus  SoUnapora 
temporarily  to  the  Hydrozoa ;  but  he  says  that  ''  if  evidence  can 
be  obtained,  proving  decisively  the  existence  of  a  eelhdarf  and  not 
a  tubular,  struotare  in  Solenopara,  then  the  reference  of  the  genus  to 
the  calcareous  Algas  will  follow  as  a  matter  of  oonrse."  Now,  from 
recent  investigations  carried  on  upon  all  the  forms  enamerated,  aud 
from  a  comparison  of  structure  of  these  with  those  of  Tertiary  and 
recent  Corallinesd,  I  have  been  led  to  the  decisive  conclusion  that 
the  genus  Solenopara  is  in  reality  an  ancient  form  of  the  same  great 
group,  to  which  our  existing  Corallina,  Amphiraa,  Mel€be$ia,  and 
lAthoihamnian  belong.  Before  discussing  this  subject  in  detail,  how- 
ever, it  will  be  advisable  that  I  should  give  a  brief  description  of 
the  various  species  of  Solenopara  with  which  I  am  at  present 
acquainted. 

I.    DSSOBIPTION    07    SpSOIES. 

1.  Solenopara  compacta,  Billings  sp. 

Stromatopora  eompaeia,  Billings.     *'  Palseozoic  Fossils  "  (1861-65). 

Tttradium  Ftaehii,  Nicholson  and  Etheridge,  jun.     Ann.  and  Mag.  Nat.  Hist 

ser.  iv.  vol.  xx.  p.  166  fl877). 
Solenopara  tpongioidee,  Dybowski.     <*  Die  Chaetetiden  der  Osbalt.  Silor.  Form.'* 

p.  124,  taf.  ii.  figs.  11a,  b  (1877). 
Tetradium  Peaehii,  var.  Canadtnte^  Foord.   Contrib.  Micro.  Pal.  8iL  Books,  Canada, 

Geol.  Sonrey,  1883,  p.  24. 
Sohnopora  eompaeta,  Nicholson  and  R.  Etheridge,  jun.     Gbol.  Mao.  Dec.  III. 

Vol.  II.  No.  12,  p.  629.  Dec.  1885. 
Solenopora  eompaeta,  Nicholson.     Gbol.  Mao.  Dec.  III.  Vol.  Y.  No.  1,  p.  15, 

Jan.  1888. 

<'  This  species  occurs  in  subspheroidal  masses,  from  the  size  of  a 
hemp-seed  up  to  the  dimensions  of  an  orange.  External  surface 
lobulate.  Fractured  surface  has  a  porcellanous,  sometimes  fibrous 
aspect,  and  is  usually  white  or  light-brown  in  colour.  The  fractured 
surface  also  shows  signs  of  a  more  or  less  obvious  composition  out  of 
concentrically -disposed  strata  '*  (Nicholson). 

In  vertical  section  the  cells  are  elongated,  arranged  in  a  radiating 
and  parallel  fashion,  and  are  often  disposed  in  concentric  layers. 
Diameter  of  cells  about  iV  inm.  The  cells  have  distinctly  undulating 
walls  (Fig.  1). 

In  tangential  section  the  cell- walls  appear  sinuous,  and  in  many 
cases  traces  of  active  cell-division  are  observed.  Certain  specimens 
show  a  distinct  variation  in  the  size  and  form  of  the  cells.  In  these 
two  sets  of  cells  are  to  be  noted — one  set  small,  with  a  wavy  or 
polygonal  outline;  the  other  set  large,  elongated  or  oval  in  form, 
and  scattered  irregularly  amongst  the  smaller  cells.  The  large  cells 
represent  the  spore-producing  cells  (sporangia),  and  the  small  the 
ordinary  tissue-cells  of  the  organism  (Fig.  2). 

Varieties. — There  exist  certain  varieties  of  the  above  species  which 
differ  from  the  type-form,  either  in  the  size  of  the  tissue-oells,  or 
in  the  structure  and  form  of  the  cell- walls. 

Solenopora  compacta,  var.  Trentonensis,  nov.  var.  This  variety, 
illustrated  in  Fig.  2,  is  found  in  the  Trenton  Limestones,  and  varies 
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somewhat  from  the  type.  Tbe  tinae-oella  have  their  walls  some- 
what polygon^  and  only  feebly  siauous.  Oell-diviaion,  too,  is 
not  obaerved  to  be  in  the  same  state  of  aotivity  oa  exhibited  in  the 
ordinary  formi. 


Fid.  1. — Long.  wet.    Setatopara  eampteta.  Bill.  «p.,  x  60d.,  ahowing  coneentrie 
It  of  edb. 

Soiennpora   eompaela,  var.   Peaehii,  Nich.   and  Etheridge,  jun. 
Prof.  KioholaoD  h&a  noted  that  oertaiu  speoimena  obtained  from 


the  Craighead  Limestones,  Girvan,  Ayrshire,  possess  much  wider 
celU  than  any  other  form  examined.     They  are  alike,  in  e^«T^ 
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other  particular,  to  the  typical  species  described  from  Canada 
and  Esthonia,  and  so  he  distinguishes  the  Ayrshire  forms  as  a 
special  variety — Solenopora  compacta,  var.  Peackiu 

Observations. — It  is  observed  that  throughout  the  whole  of  the 
above  species  increase  takes  place  for  the  roost  part  by  longitudinal 
division  of  the  tissue-cells,  and  that  the  cells  tend  to  grow  in  length 
more  than  in  breath.  Not  only  so,  but  there  seems  to  exist  a 
species  of  sub-dichotomy  or  sub- trichotomy  by  which  two  or  three 
peripheral  cells  arise  from  the  outer  end  of  a  more  central  cell 
(see  Fig.  1).  This  process  has  also  been  found  to  occur  in  certain 
of  the  calcareous  Algae^  (e.g.  Lithothamnion).  Transverse  division 
occurs  in  other  species,  and  in  the  description  of  the  following 
forms  it  will  be  seen  that  there  are  types,  very  like  Solenopora 
compacta,  in  which  cell-multiplication  by  transverse  fission  is  the 
rule.  Even  in  the  present  species  such  a  mode  of  increase  is  by 
no  means  entirely  absent. 

Formation  and  Locality,  —  Ordovician,  Craighead  Limestones, 
Girvan,  Ayrshire;  Trenton  and  Black  River  Limestones,  North 
America ;  Limestones  of  Saak,  Esthonia,  where  it  makes  up  great 
beds  of  limestone,  most  of  the  examples  in  this  case  being  com- 
paratively small.  Dr.  Dybowski  also  obtained  it  from  Herrkiill, 
Esthonia,  in  beds  of  Ordovician  age  {**  Borckholm  beds  '*  of  Friedrich 
Schmidt).  The  specimens  examined  are  from  the  collection  of  Prof. 
Nicholson. 

2.  Solenopora  lithothamnioides,  n.sp.     (PL  V.  Fig.  2.) 

The  single  specimen  examined  shows  that  this  species  occurs  in 
conical  masses  of  the  size  of  a  walnut.  Its  fractured  surface  has 
a  distinct  porcellanous  aspect,  and  exhibits  a  greyish-brown  colour. 
It  possesses  the  concentrically  laminated  structure  characteristic  of 
the  genus.  It  is  much  harder  and  more  compact  in  texture  than 
any  of  the  other  species. 

In  vertical  section  distinct  concentrically  arranged  layers  of  cells 
are  seen.  Each  layer  is  composed  of  numerous  cells  arranged  in 
parallel  rows.  The  walls  of  the  cells  are  slightly  sinuous,  when 
examined  with  a  high  power.  The  transverse  divisions  between  the 
cells  are  thinner  than  the  vertical  divisions,  and  in  many  cases  are 
obliterated,  leaving  fine  concentrically  disposed  clear  markings. 
Cells  iV — A  mm.  long  and  iV — A-  mm.  broad.  In  tangential 
section  the  cells  are  more  or  less  rounded  and  only  slightly  sinuous 
in  their  outline.     The  cell- walls  are  thinner  than  in  S.  compacta. 

Observations. — This  species  is  nearly  allied  to  S.  compacta^  and 
differs  mainly  in  the  character  and  form  of  its  cell- wall,  in  the 
greater  regularity  of  the  concentric  layers,*  and  in  the  fact  that  each 
concentric  layer  is  composed  of  parallel  rows  of  small  cells.  As 
regards  the  last  point,  the  same  may  be  true  of  S.  compacta,  if  we 
are  to  accept  the  presence  of  the  commonly  observable  fine  con- 
centric clear  spaces  as  indicative  of  the  original  divisions  between 

^  A.  Rotbpletz,  "  Foflsile  kalkalgen  aus  Familien  der  Codiaceen  and  der  Coral- 
liaeen.'*'   ZeUtchr.  d.  Deatschen  geolog.  Gesellflchaft,  Jahrg.  1891. 
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the  oella.  These  spaoea  are  well  clisplayed  m  speoimens  from  the 
Trenton  limeBtones  and  from  EsthoDia,  whioh  speoimena  are 
assuredly  examples  of  Solenapora  eompaeta.^  Id  the  specimens  of 
S.  eontpaeta  hitherto  describe  no  definite  proof  has  been  found 
that  these  spaoes  do  oorrespond  to  oell-walls.  In  Solenopora  litho- 
Ihamtiioide;  however,  distjnot  walls  are  seen  whJob  agree  in  position 
with  the  clear  markings  seen  also  in  the  same  species  (aeo  PI.  V. 
Fig-  2). 

Forntalion  and  Locality. — Urdovloian  (Silurian?),  Shalloch  Mill, 
near  Girvan,  Ayrshire.     (ColL  U.  A.  Nioholson.) 

3.  Solenopora  nigra,  cap.  (PI.  V.  Fig.  3.) 
This  species  presents  itself  ia  small  oval,  ovate,  or  ronnded  mosses 
tip  to  the  size  of  a  pea.  It  has  always  a  dark  appearance,  and  it  ia 
very  diGQoult  to  prepare  good  transparent  sections  from  it.  When 
fractured  the  oonoeatric  arrangement  in  layers  is  well  seen,  and 
the  surface  presents  a  porcellanous  or  somewhat  fibrous  aspect.  In 
vertical  section  the  distinct  concentric  layers  of  cells  peculiar  to 
the  last  species  are  not  nearly  so  maniresL  The  cell-walls  are 
thick,  dense,  and  feebly  sinuous,  the  transverse  equalling  the 
longitudinal  in  thickness.  Cells  Va — ^«  ">■»■  ^>^°  ^^^  al>out 
\ — fV  mm.  long.  The  oells  near  the  point  from  which  radiation 
proceeds  are  much  narrower  and  longer  than  the  peripheral  cells. 
The  whole  cellular  tissne  often  tends  to  assume  a  fan-like  appearance. 
In  tangential  section  the  cells  appear  rounded  or  oval,  and  some* 
what  sinuous  in  their  outline,  Walla  thick,  and  cell-division  active 
(fig-  3;- 


F:a.  3. — Tang.  sect.    Stlnapora  nigra,  u  ap.,  fiom  Estlionia.     x  60  d. 

Observations. — This  species  occurs  in  great  masses  of  limestone, 
of  which  it  is  one  of  the  principal  constituents,  and  such  is  the 
appearance  of  a  mass  of  tbis  limestone  that  one  might  readily 
mislake  it  for  an  ordinary  Nullipore  limestone  auch  as  we  meet 
with  in  the  Tertiary  series.  One  is  struck,  alxn,  with  the  similarity 
ia  form,    appearance,  and   arrangement  of  the   cells,   to  what   ia 

'  These  canceatricallT  arraiiged  clear  apwes  vers  alluded  to  bj  ProE.  I4icboleau  in 
the  Gboi..  Mao.  Dec.  III.  Vol.  II.  No.  12,  p.  S^S,  December,  t88d.  He  ahawed 
there  alao  that,  correaponding  to  the  clear  spocea  ia  the  tubea,  there  vera  inter- 
ruptioDj  in  the  Longitudiiuil  walla. 
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fonnd  in  the  apecies  to  be  next  desoribed,  tik.  SoloMpora  Jurauiea, 
Nicholson. 

Formation  and  Locality. — Onlovician  Limestones,  Suk,  Eethonia, 
Bussia.  (Coll-  H.  A.  Nioholson.)  Here  it  ooonn  along  with 
S.  eompaela  and  S.  dendrtformii. 

4.  Solenopora  Jurauiea,  Nioholwn  (MS.). 

This  form  oocun  in  aubspherical  masses  raiying  ttom  the  size  of 
a  marble  to  that  of  an  orange  or  even  larger.  The  ftaotnred  sarfaoe 
has  A  porceUanouB  appearance,  and  shows  the  arrangement  in  con- 
centric layers  very  markedly.  Each  layer  has  a  reddish-brown 
colour  internally,  fading  into  a  whitish  appearance  externally. 

In  vertical  section  the  oelU  are  arranged  in  a  radiating  fashion. 
They  have  about  the  same  diameter  as  those  of  Solenopora  eompaeta 
(about  tV  mm.)'  """l  their  length  varies  from  |mm.  to  i  mm.  The 
arrangement  of  the  cells  is  upon  the  same  principle  as  in  Solenopora 
nigra,  and  they  do  not  group  themselves  into  layers  corresponding 
to  the  concentric  strata  seen  with  the  naked  eye.  The  cell-walls 
are  very  distinct,  and  not  ainnous.  The  transverse  walls  are  slightly 
concave  on  the  peripheral  side  (Fig.  i).    Certain  zones  are  observed 


Fio.   i.— Long. 


to  have  their  walls  either  very  indistinct  or  obliterated  by  crystal- 
lization. These  zones  correspond  to  the  more  lightly  coloured 
portions  of  the  concentric  layers  of  the  mass  as  visible  to  the 
unaided  eye.     Some  aeotions  show  oval  or  ronnded  apaoes  here  and 
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there,  irhioh  an,  in  all  probability,  the  remains  of  the  reproduotive 
organs  (cxinoeptaolea).  In  tangential  seotioa  the  cells  appear  more 
or  less  rounded,  and  also  often  polygonal.  Cell-division  is  active, 
and  where  the  oella  are  not  polygonal  interoellular  apaoes  are  observed 
to  be  presanL  In  certain  aeotions  are  found  spaces  of  a  rounded  or 
oval  character ;  and,  further,  in  the  same  speoimena,  are  obserred 
at  intervala  clusters  of  cells  arranged  in  a  rosette-like  fashion  (aee 
Fig.  €).  This  latter  oondition  may  simply  be  due  to  the  results 
of  oell-diviaion ;  but  to  this  I  shall  refer  later  on.  The  empty 
spaces    may   be    all   that    is    left   of   former   reproduotive   organa. 


la  one  specimen  from  Mallon  these  spaoea  are  arranged  in  a  row, 
U\X  there  was  great  difficulty  experienced  in  getting  good  sections 
fur  eiamination,  on  account  of  the  imperfect  state  of  preservation. 

ObaeTvalioni. — Thia  is  the  only  species  ot  Jurassia  age  yet  known. 
It  occurs  under  the  aame  oonditions  as  the  other  species.  I'he 
tiirm  of  its  cells  bos  already  been  shown  to  be  similar  to  thof'O  of 
Soleaopora  nigra.  Tbe  distinct  nature  of  cell-walls,  both  transverse 
and  longitudiual,  places  it  apart  from  all  the  other  species. 

FoTination  and  Locality.  —  Jiirassio,  Grent  Oolite,  flhedworth, 
Gloucestersbire,  and  Ualton,  Yorkshire.     (Coll.  H.  A.  Nicholson.) 

EXPLANATIOS  OF  PLATE  V. 

a  Tsrtiary  Nullipors  {Lilhalhamiim),  from  "Leitha. 


—Vertical  section  of  SoltHOpcra  /laifiirmit,  n.ap.,  from  Craighead.  Gin 
A  great  part  of  the  apecimen  ia  deitroyed,  and  the   '  " ' ' 

by  Kcondarj  crjataUiiution.      x   12  d. 

(Te  it  tonliniud  in  our  tuxl  Numitr.) 
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n.— Ok  the  Samd-orainb  in  Mioaobous  Gncisb  fbom  thc  St. 
GoTHARD  Tunnel;  and  on  some  other  DiFFioaLTiRS  raised 
BT  Prof.  Bonnet. 

By  Dr.  P.  M.  Stapfp. 

FROM  the  "Annals  of  British  Geology,"  1892,  No.  633,  p.  294, 
I  find  that  Prof.  T.  Bonney  doubts  the  occnrrenoe  of  sand- 
grains  in  the  Guspis  mioaceons  gneiss,^  as  stated  by  me  in  yarioas 
reports  on  the  geology  of  the  St.  Gothard  Tunnel,  and  repeated  on 
p.  17  of  my  *<  Remarks  on  Prof.  Bonney 's  paper  on  the  Crystalline 
Sohists  and  their  relation  to  the  Mesozoio  rocks  in  the  Lepontine 
Alps."'  The  question  being  of  some  general  interest,  and  not 
only  of  importance  for  the  comprehension  and  classification  of  the 
crystalline  schists  in  the  Lepontine  Alps,  I  think  it  desirable  to 
repeat  here  the  observed  facts,  and  to  present  to  the  notice  of  the 
readers  of  the  Gkoloqioal  Magazine  some  autotype  prints  of  the 
rock  in  question.  I  am  the  only  geologist  who  has  seen  these  beds 
in  situ,  when  they  were  opened  by  the  St  Gothard  Tunnel ;  and 
it  would  be  rather  difficult  for  anyone  to  make  out  their  outcrops 
along  the  line  of  profile  through  the  Guspis  Valley  and  below  the 
actual  moraine  of  the  St.  Anna  glacier,  without  taking  into  con- 
sideration the  faults  and  thrusts  in  this  tract,  which  are  indicated  on 
my  geological  map  of  the  St  Gothard  Railway  and  on  the  profile 
of  the  tunnel. 

I  beg  leave  to  quote  a  passage  from  the  geological  records  kept 
during  the  construction  of  the  St.  Gothard  Tunnel  (Geologisohe 
Durchschnitte  und  Tabellen  ilber  den  grossen  Gotthard-tunnel ; 
Spezialbeilage  zu  den  Berichten  des  Schweizerischen  Bundesrathes 
neber  den  Gang  der  Gotthardbahnunternebmung,  1874-1882; 
Zurich  Orell  Fussli),  which  refers  to  the  bed  No.  130;  7262,  4  m. 
from  the  northern  entry  {loe»  cit,  p.  178-9)  : — 

"No.  130;  1879,  Sept  4th;  ditto  (fine-grained  rather  dense 
gneiss)  with  sandy  quartz-grains ;  7262,  4  to  7278,  3  m. ;  false- 
strati6cation  20  W.  and  77  E.  to  5  E.  and  64  W.,  average  11  W. 
and  82  W.  Samples  taken  at  7262,  4.  Fine-grained,  rather  dense, 
micaceous  gneiss,  rough,  almost  tufaceous  (but  not  porous),  of 
reddish-grey  colour  and  confused  parallel  structure,  which  is 
indicated  by  shreds  of  brown  mica.  In  this  groundmass  grains  of 
quartz  and  felspar  of  the  size  of  a  peppercorn  and  smaller  are 
disseminated,  whence  the  rock  assumes  a  porphyritic  structure. 
Some  crystalline  outlines  of  dull,  whitish,  faintly  glittering  felspar 
may  plainly  be  recognized.  The  grains  of  glassy  and  milky 
quartz  show  an  iridescent,  glossy,  conchoidal  fracture ;  they  are 
roundedf  with  some  crystal  facets  here  and  there;  enveloped  by 
thin  mica-films  (raacroscopically  visible),  which  can  readily  be 
loosened  and  picked  out  from  the  groundmass.  The  presence  of 
calcspar  is  indicated  by  effervescence,  especially  around  the  quartz- 
grains  ;  other  accessory  minerals  are :  pyrites  and  rarely  minute 
fragments  of  tourmaline, 

*  See  Correspondence,  Geol.  Mao.  1892,  p.  90. 

'  Geological  Maoazdcb,  January,  1892,  Dec.  111.  Vol.  IX.  pp.  6-21. 
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MicroBcopie  ohaervaUona. — The  oontours  of  the  larger  quartz- 
grains  (as  far  as  they  have  not  been  broken  out  by  the  grinding 
operations)  are  rough  bat  not  splintery ;  the  grains  are  partially 
wrapped  in  some  longer  pellicles  or  shorter  split  soales  of  brown 
mica.  Other  grains  are  surrounded  by  a  garland  of  fine  mica  films, 
which  occasionally  seem  to  extend  into  the  quartz-grains.  Calcapar, 
together  with  occasional  quartz  splinters,  is  deposited  in  these  mica 
envelopes,  and  is  attached  to  the  sandy  quartz-grains  without  visible 
traces  of  abrasion.  Each  sandy  quartz-grain  forms  a  single  in- 
dividtial,  which  is  almost  always  fractured,  with  or  without  slight 
dislocation  and  torsion  of  the  fragments.  The  cracks  are  often 
covered  by  a  brownish-green  substance.  In  the  interior  of  the 
quartz-grains  may  be  observed  some  microscopic  inclusions  of  opaque 
dust,  specks  of  pyrites,  some  of  mica,  a  few  small  lacuna 
(pores),  and  some  short  thin  colourless  needles.  Here  and  there 
a  fern-like  figure  is  dimly  seen,  perhaps  indicating  the  face  of  a 
microscopic  crack,  rather  than  any  microlithic  material.  Most  of 
the  plagioclastic  felspar  is  twinned,  and  the  fine  twin-striations  are 
visible  (in  polarized  light)  though  the  felspar  is  in  a  state  of  advanced 
decomposition  and  intermixed  with  clusters  of  mica  scales,  which 
veil  the  striations.  Though  the  outlines  of  the  felspars  are  not  so 
distinct  as  those  of  the  quartz-grains,  they  are  yet  better  defined 
and  more  clearly  individualized  tban  those  of  the  ordinary  crushed 
felspars  in  the  micaceous  gneiss ;  and  thus  they  convey  the  im- 
pression of  being  porphyritic  inclusions  rather  than  indigenous 
constituents  of  the  micaceous  gneiss.  The  ground  mass  surrounding 
the  grains  of  quartz  and  plagioclase  is  a  compressed  mixture  of 
quartz,  felspar  and  two  kinds  of  mica,  the  films  of  which  induce  an 
indistinct  parallel  structure.  A  little  calespar  also  makes  its 
appearance,  partly  in  isolated  granules,  partly  in  larger  groups  of 
polysynthetic  twins,  which  are  cross-barred  with  the  other  minerals, 
BO  that  it  sometimes  appears  to  be  a  constituent  mineral,  and  some- 
times a  later- formed  accessory  cement.  Microscopic  accessories 
are  pyrites  (also  pyrrhotine)  in  irregular  masses,  grains,  and  small 
crystal  groups ;  and  minute,  but  easily  recognized,  fragments  of 
tourmaline,      (So  far  microscopy.) 

This  rock  appears  to  be  one  of  the  most  curious  from  the  in- 
terior of  the  St.  Gothard  massif.  If  it  really  be  psammitic,  as  one 
may  suppose  from  the  foregoing,  then  all  the  stratified  beds  bored 
through  in  this  massif  must  also  be  of  sedimentary  origin.  It 
recalls  to  mind  the  sericite  slates  of  the  Ursern  Valley,  with  their 
glossy  sand-grains ;  a  similar,  though  less  characteristic,  rock 
occurs  at  6560-5600  m.  from  the  southern  entry.  On  newly- 
opened  wall-surfaces  in  the  gallery,  the  quartz-grains  appeared  to 
be  arranged  like  pearls  in  strings  (scarcely  visible  in  hand-specimens); 
the  strings  did  not  agree  with  the  parallel  structure  of  the  rock,  but 
rather  with  its  false-bedding  (or  secondary  schistosity) ;  and  hence 
the  interpretation  of  this  feature,  and  of  the  rock  itself,  becomes  still 
more  complicated.  At  its  margins  the  bed  No.  130  is  penetrated  by 
compact  veins  of  quartz  and  felspar,  and  further  on  it  passes  over 
into  the  ordinary  micaceous  gneiaa " 
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To  tbii  Almost  Terbal  tranilation  I  odd  Fig.  1,  a  oopy  from  mj 
original  tuney  iheelt  (deposited  in  the  archives  of  the  SL  GrotbsTd 
U.  R.,  LuoerDe),  after  which  the  plate  xxx.  (aorthem  side)  of  the 
"  Geologisohe  Durohscbnitte  "  boa  been  arranged  and  lithographed. 
It  shows  a  longitudinal  section  and  a  base  view  of  the  bed  No.  130, 
as  exposed  in  the  top  gallery  of  tbs  tunnel  between  7260  and 
Fia.  1. 


7280  m.  N.  (Particulars,  which  ore  not  relevant  to  the  present 
question,  are  omitted.)  The  paraHel  Hruelure  of  the  rock  (S.  on 
drawing),  as  indicated  by  the  orientation  of  the  mica  scales,  the 
course  of  the  parallel  quartz-bands,  and  the  boundary  faces  of  tbe 
bed,  strikes  and  dips  N.E.  and  S.E.,  as  is  commonly  the  case  on 
the  nortli  side  of  the  St.  Oothard ;  whilst  the  mppoied  alratijieatiim 
("  mock  "  or  "  false  stratification  ")  is  directed  N.N.  W.,  dipping  W. 
and  E. ;  and  tbe  quartx-graiiu  are  ditpoted  in  the  tame  aireHioa. 
Having  been  accustomed  to  regard  the  "false  stratification"  wherever 
it  was  met  with  in  the  St.  Gotbard  as  "  secondary,"  I  oannot  help 
confesHing  that  the  arrangement  of  tbe  quartz- grains,  in  aooordanoe 
with  tbe  "secondary  stratification,"  would  witness  against  the  sedi- 
mentary origin  of  tbe  bed  in  question.  But  this  testimony  is  at  onoe 
overborne  and  reversed  if  we  conceive  that  this  itratiJUation  to  aU 
appearanet  (beds  between  limiting  faces)  is  here  the  original  one,  and 
that  the  parallel  structure  (S.  of  drawing)  of  tbe  rock  is  a  secondary 
phenomenon.  Hand -specimens  of  the  rock  tupport  this  opinion,  as 
the  mioa  pelliolea  are  fitted  and  ttreU\ed  so  as  to  indicate  •  Ixmot 
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nther  than  a  plane  paralleliBin ;  but  recently-expoaed  large  faces  of 
the  rock  allowed  a  mure  aatisfaotory  decision  to  be  arrived  at. 

As  some  70  examples  (belongiDg  to  as  many  St  Gotbard  Col- 
lections) of  tlie  rock  in  qneslion  are  preserved  in  different  Museams, 
it  would  not  be  difScalt  for  anyone  to  examine  its  petrographioal 
details.     I  give  here  (Fig.  2,  natural  size)  an  autotypic  print  of  « 


Fio.  2.— Natiital  • 


polisbed  face,  which  has  recently  been  cut  from  a  apeoimen  in  the 
direction  of  its  most  visible  "  parallel  structnre,"  as  indicated  by 
tbe  mica ;  but  some  wavy  undulating  bands  on  the  design  indioat« 
another  orientation,  which  almust  agrees  with  tbe  trend  of  the  im- 
bedded quartz -grains.  The  quarlz-grains  (white  spots  on  drawing) 
are,  by  their  shape  and  lustre,  easily  recognized  and  distinguished 
from  the  felspar  grains,  and  I  cannot  give  a  better  description  of 
their  form,  size,  number  and  distribution,  than  can  be  seen  in  the 
figure. 

The  autotypic  figures  3  and  4,  which  are  taken  by  micro- 
photography  from  my  original  thin  slices  (described  in  the 
''Geologische  Durohschnitte  und  Tabellen  "  beforenaraed)  reproduce 
respectively  a  grain  of  quartz  and  a  grain  of  feltpar  magnified 
16-17  times.  In  order  to  show  the  niar^inai  lines  between  the 
groundmass  and  the  imbedded  grains  as  clearly  as  possible,  I  have 
taken  tbe  photog^raph  by  polarized  light ;  but  by  this  method  other 
particulars  have  been  obscured  or  are  not  shown. 

The  quartz  of  the  yraing  i«  apparfnfly  different  from  the  eonilitntvt 
quartz  of  the  enveloping  mieaeeout  gneitg.  The  former  agrees  with 
ibe  quartz  crystals  occurring  in  porphyries,  the  latter  with  the  quartz 
in  granites  and  gneisses.  Each  quartz-grain  gf  our  rock  forma  a 
■ingle  crystal  lograp  hie  individunl,  which  is  frequently  split, 
in  one  direction  by  a  few  clear  parallel  fissures,  and  in  other 
directions  by  single  irregular  cracks.  Snmetinies  the  fragments  of 
tbe  fractured  grain  have  not  been  at  all  dislocated,  and  then  the 
polarizBtioD  coloor  is  homogeneous  throughout  the  whole  grain  {  in 
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eonie  other  ooaea  then  haa  been  an  ioBignifiaant  displaoement,  end 
this  is  the  oaee  with  the  quartz-grain  here  figured ;  but  tbeaa 
qnartz-graina  n«r«r  present  Buoh  t,  brilliant,  polymorphous  and 
polyohroniatio  variegated  mosaic  as  the  small  partiolea  of  quariz 
which  enter  into  the  ooQBtitution  of  the  mioaoeons  gneias.  Their 
polarization  colours  are  eomewhat  dull,  and  i&ie  away  con- 
oentrically  from  the  interior  outwards,  just  as  in  the  oaae  of  qcartz 
crystals  in  porphyries. 


^Th*  werolittte  (and  other)  xndwont   in    the   quartz-grains  are 
■fenc  but  naither  bo  frequent  nor  so  varied  aa  those  in  the  mag- 
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mat  10  quartz-splinters.  The  thin,  colourless,  brilliant  prismatio 
needles — not  visible  in  figure — and  the  rhombic  sections,^  seemed 
to  offer  a  special  character  since  they  "were  missing  in  the  mag- 
matic  quartz-splinters ;  but  later  I  found  them  also  in  the  holes 
from  which  the  quartz-grains  had  been  broken  out  (abundantly), 
and  finally  outside  the  edge  of  the  thin  slice  (rarely) ;  whilst  they 
were  wanting  in  another  freshly^made  microscopic  section.  They 
seem  not  to  be  connected  with  the  material  of  the  rock.  Some  few 
microscopio  scales  of  hrowu  mica  are  deposited  on  the  cracks  in 
the  quart  SB-grains ;  they  appear  to  be  later  deposits  and  not 
inclusions  in  the  crystallizing  quartz.  But  some  doubt  may 
arise  with  regard  to  rare  microscopio  patches  of  brown  mica  and 
quartz,  i.e.  of  the  enveloping  material,  which  appear  to  be  inclusions, 
though  they  may  quite  as  well  be  deposited  above  or  below  the 
grains,  or  they  may  be  terminal  points  of  lateral  inclusions  in  bays 
of  the  quartz-grains  (see  figure).  Small  (microscopio)  granules  of 
calespar  likewise  occur  on  cracks  traversing  the  quartz-grains ;  and 
without  doubt  they  have  been  deposited  there  d  posteriori,  just 
as  well  as  the  oalcspar  on  the  margin  of  the  grains.  The  same 
cannot  so  decidedly  be  said  about  the  granules  of  calespar,  which 
are  interwoven  in .  the  texture  of  the  micaceous  gneiss ;  the  less 
80,  as  they  proved  to  be  dolomitic. 

The  shape  of  the  quartz-grains  is  always  roundish  polygonal; 
abort,  straight  fragmentary  edges  of  a  crystal  are  interrupted  or 
connected  by  curves  and  small  fracture-lines ;  but  the  outline  is  by 
no  means  fringed  by  filaments  or  threads  entering  and  losing  them- 
selves in  the  enveloping  material.  No  regularity  whatever  can  be 
recognized  in  the  crystal lographic  orientation  of  the  grains,  either 
with  respect  to  each  other  or  towards  the  surrounding  minerals; 
the  dififorent  quartz-grains  exhibit  very  different  orientations  and 
individual  colours  when  the  slice  is  moved  between  unaltered 
Nicols.  And  just  as  little  can  any  fluidal  structure  be  noticed 
around  the  grains.  Short  segments  are  wrapped  up  in  extended 
pellicles  of  mica,  which  stick  close  to  the  outline  of  the  grain  and 
leave  but  little  room  for  the  deposition  of  other  mineral  particles ; 
for  the  rest,  small  brown  mica  scales  intermixed,  to  form  a  minute 
mosaic,  with  broken  quartz  (and  some  grains  of  felspar,  calespar, 
etc.)  environ  the  foreign  quartz-grains;  and  it  is  seen  that  the  mica 
pellicles  are  twisted  around  the  quartz-grains  in  such  a  way  that 
longitudinal  and  cross  sections  alternate  in  one  and  the  same  profile. 
Hence  the  cavity  from  which  a  quartz-grain  has  broken  out  seems 
to  be  lined  by  a  cuticle  of  brown  mica ;  but,  if  that  same  cuticle 
is  cut  through,  the  sections  vary  very  considerably  at  different 
places. 

The  demarcation  line  between  a  quartz-grain  and  its  envelope  is 
seldom  quite  clean  and  smooth.  IVlicroBcopically  seen  it  is,  for  the 
most  part,  rough,  and  small  pellicles  of  mica  and  granules  of  quartz 
are  attached  to  it  (squeezed  in,  to  all  appearance) ;  just  as  we  see 

^  Mentioned  in  the  translation  from  the  Geol.  Durchschnitte  and  Tabellen. 
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Mnd-grains  and  f^vel  enonisting  the  corrugated  sorfaoeof  a  pebble. 
The  cracks  and  fiaBures  are  sometimes  enlarged  at  the  surface  of  the 
bav,  wbioli  allows  the  surroundJDg  material  to  invade  the  grain. 

The  /ehpar-graint,  of  which  one  is  reproduced  on  Fig.  4,  are  in 
part  polyij/Hthelie  taim,  in  part  tingle  or  lieofold  individuals.  It  is 
not  easy  to  determine  particular   felspar   speoiea  in    view  of  the 


extent  to  which  they  are  decomposed ;  but  even  with  the  naked  eye 
one  can  observe  that  some  of  the  felspar-grains  are  greeniBh,  didl. 
lustreless,  striped  and  dusty  {kaoUn) ;  whilst  others  are  white  or 
limpid,  fresh  asd  glossy.    Commonly  they  present  the  outlines  of 
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orystals,  but  sometimes  they  are  rounded  ;  or  they  are  split,  hroken 
and  torn,  as  felspars  in  the  squeezed  St.  Gothard  gneisses  so  often 
are ;  and  hereby  we  learn  that  the  same  felspar  simultaneously 
makes  its  appearance  as  an  ordinary  constituent  of  the  micaceous 
gneiss  and  as  a  porphyritio  inclusion  in  the  same. 

The  figured  grain  is  porphyritio  though  rounded.  It  shows  no 
twin  stripes  in  polarized  light,  and  its  mass  is  almost  replaced  by 
clusters  of  pellicles  of  potash  mica  and  kaolin.  Small  quartz- 
grains  and  other  microliths  accompany  the  mica  in  the  decomposed 
felspar,  which  I  need  not  further  mention. 

The  outline  of  this  grain  of  felspar — and  of  others  similar — is  not 
80  well  defined  as  that  of  the  quartz-grains  (Fig.  3),  and  to  all 
appearance  it  has  coalesced  with  the  surrounding  materials ;  a  white 
margin  indicating  in  some  cases  the  zone  of  intermixture. 

In  spite  of  the  roundish  contours  of  many  of  the  felspar-grains, 
I  am  not  inclined  to  consider  them  to  be  grains  of  felspar  sand. 
The  occurrence  of  porphyritio  segregated  felspar  in  gneissic  rocks 
is  by  no  means  unusual ;  and  this  may  be  the  case  in  the  quartzitic 
micaceous  gneiss  No.  130,  where  the  lesser  part  of  the  felspar  is 
intermixed  with  the  other  constituent  minerals,  and  the  greater  is 
B^egated. 

The  preceding  observations  put  beyond  every  doubt  that  the 
quartz^grains  are  foreign  bodies :  their  material  is  not  identical  with 
that  of  the  constituent  quartz  of  the  micaceous  gneiss,  nor  are  there 
any  transitions  between  the  two  kinds;  each  quartz-grain  is  an 
individual,  loosely  imbedded  in  the  groundmass  and  easily  picked 
out  of  it.  Some  of  the  apparent  inclusions  in  the  quartz-grains 
are  later  depositions  on  cracks,  others  are  squeezed  in  Jrom  the  out- 
side  J  and  with  regard  to  the  nature  of  others  some  doubt  may  be 
reasonably  entertained.  The  question  now  is :  have  we  to  deal 
with  sand-grains  imbedded  in  an  (originally)  sedimentary  psammitic 
rock ;  or  with  a  kind  of  quartz-porphyry,  the  groundmass  of  which 
has  been  decomposed  in  such  a  way  that  it  is  now  a  micaceous 
gneiss  ?  This  second  view  is  supported  by  the  nature  of  the  quartz- 
grains,  and  their  association  with  porphyritio  felspar-grains  ;  whilst 
it  is  contradicted  by  the  actual  nature  of  the  enveloping  magma,  by 
the  lack  of  fluidal  structure,  by  the  arrangement  of  the  grains  in 
accordance  with  the  bedding  of  the  rock  (Fig.  1) — facts  which 
corroborate  the  belief  in  the  sedimentary  origin  of  the  bed. 

Prof.  Bonney  doubts  also  **  the  occurrence  of  organisms  in  the 
AUkirche  marble  " ;  but  I  question  whether  many  share  his  opinion 
after  seeing  the  autotype  figures  of  the  bodies  in  question,  which  are 
published  in  the  Geological  Magazine  (1892,  Dec.  III.  Vol.  IX. 
p.  16),^  with  a  footnote  by  the  Editor  (p.  17)  :  **  hand-specimens 
of  these  St.  Gothard  rocks  are  preserved  in  the  Mineralogical  Col- 
lection of  the  British  Museum,  and  sections  taken  from  the  one 
marked  No.  43  show  precisely  similar  structures  to  those  in  the 
accompanying  figure. — Edit.  Geol.  Mag." 

^  Reproduced  by  Professor  J.  F.  Blake,  in  his  Annals  of  Geology  for  1892, 
p.  293. 
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"The  reference  of  the  Piora  sohista  to  the  CarlMmiferou»  appears 
(to  Prof.  Bonney)  to  be  only  a  hypothesis  " — but,  as  a  fact,  I  have 
not  made  such  a  reference.  I  have  not  dealt  with  his  Piora  schists, 
and  woald  not  say  anything  about  them  but  (Obolooioal  Magazikb, 
he.  cit.  p.  9)  « that  they  belong  to  the  second  of  my  groups  (that 
of  the  grey  garnet  schists)  and  his  *  Val  Tremola  schists '  to  the 
third  and  fourth  group  (green,  black  felspathio  mica  schists,  and 
amphibolic  rocks)."  What  I  have  mentioned  about  the  geological 
age  of  these  (my  oum)  groups  is  restricted  to  the  following  lines  in 
the  Qbological  Maqazinb,  p.  7 :  "  If  this  parallelization  be  correct, 
and  the  metamorphosed  sedimentary  rocks  of  the  Ursern  Valley 
properly  determined,  then  we  may  draw  the  conclusion  that  the 
series  of  the  originally  sedimentary  rocks  on  the  south  side  of  the 
St.  Gothard  begins,  at  the  bottom  of  the  Ticino  Valley,  with  JuraMte 
deposits  and  includes  Carboniferous  at  about  1833  m.^  inside  the 
mountain,  counted  from  the  mouth  of  the  tunnel."  Ibid.  p.  10: 
"  The  beds,  in  which  disthene  and  kindred  minerals  can  be  recog- 
nized at  a  glance  ' are  usually  connected  with  the  calc-mica 

schists  and  black  garnet  schists,  but  it  would  be  premature  to  assert 
that  certain  geological  horizons  in  the  grey  mica  schists  are  charac- 
terized  by  the  appearance  of  disthene,  etc."  Ibid.  p.  19 :  *•  6  The 
rocks  belonging  to  the  fifth  series  (on  my  geological  map  of  the  RR. 
line),  viz.  dolomites,  grey  and  green  mica  schists  ....  have  been 
characterized  in  §  I.-III.,  where  it  is  pointed  out  that  they  extend 
from  the  Carboniferous  to  the  Jurassic  age." 

I  have  nowhere  advanced  the  hypothesis  imputed  to  me  by  Prof. 
Bonney  that  his  Piora  schists  {my  grey  mica  schists  of  the  SL 
Gothard  Tunnel)  belong  to  the  Carboniferous ;  and,  comparing  the 
Qeological  Map  of  the  railway  line  (Explanation  on  the  title-page), 
the  designation  Carbon  (?)  will  be  found  exclusively  behind  the 
references  for:  "Quarzglimmerschiefer  mit  Chloritglimmerschiefer- 
lagen.  North,  PI.  V."  ;  **  Schwarze  phyllitische  (chloritische) 
Schiefer  mit  Kalk — Quarzit — Gneiss-streifen  (Oberalpstrasse)." 

On  the  summary  profile  (title-page)  the  designation  "  Carbon  "  (?) 
is  restricted  to  the  black  schists  of  the  Oberalpstrasse,  on  the  north 
side;  to  the  black  (and  green)  schists  on  the  south  side,  inwards 
from  1100  or  1200m.  as  mentioned  above;  and  to  the  well-known 
Manno  grits. 

In  the  bathrologic  review  (on  the  same  sheet  of  the  map)  the 
schists  belonging  to  V.,  viz.  **  Granat-Amphibol-Paragonit-Chlorit- 
Sericit-Kalk-Glimmerschiefer,"  are  designated  as  "  Archacische '- 
Mesolithisohe  Liickenbiisser." 

*  My  **  grey  garnet  schists"  {sint  Prof.  Bonney's  Piora  schists)  are  reckoned  from 
90-1142  m. ;  my  ** black  and  green  garnet  mica  schists"  from  1I42-1S33  m. 
(Geolooical  Magazine,  loc.  cit.  p.  9). 

'  Siut  Prof.  Bonney' s  **  Piora  schists." 

'  In  the  Geolooical  Magazine  {loc.  eit,  p.  19)  I  have  freely  confeased  that  the 
reference  to  Archaan  was  a  mistake  of  mine. 
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in. — The   Mammoth  Age  was  Contempobabt  with  the  Age  of 

Gbeat  Glaciers. 

By  Sir  Hbnrt  H.  Howorth,  K.C.I.E.,  M.P.,  F.R.8.,  F.G.S. 

THERE  has  been  a  long  and  sustained  discussion  among  geologists 
as  to  whether  the  Mammoth  and  its  companions  were  pre* 
Glacial,  inter-Glacial,  or  post-Glacial,  or  whether  they  could  not, 
in  fact,  claim  to  have  been  both  pre-  and  post- Glacial,  and  to  have 
lived  through  the  Glacial  age,  whence  the  name  of  JHcyclotherium 
proposed  for  the  Mammoth  by  one  writer. 

These  discussions  have  all,  it  seems  to  me,  been  vitiated  by  the 
postulate  that  the  Drift,  as  we  have  it  in  Western  Europe  and  North- 
Eastern  America,  was  distributed  by  ice-sheets  or  icebergs.  In  my 
last  published  work  I  have  devoted  a  large  space  to  trying  to  prove 
that  this  view  is  a  mistaken  one,  and  that  while  we  have  ample 
evidence  of  there  having  at  one  time  been  much  larger  local  glaciers, 
where  glaciers  still  exist,  and  of  there  having  been  glaciers  in  many 
places  where  glaciers  no  longer  exist,  there  is  no  satisfactory 
evidence  of  great  ice-sheets  having  existed  or  being  even  possible 
and  that  it  is  impossible  to  assign  the  distribution  of  the  Drift  over  a 
large  area  where  it  occurs,  either  to  ice-sheets,  or  to  ice  in  any  form. 
On  the  other  hand,  I  have  argued  that  the  Drift  was  very  largely 
distributed  by  water ;  not  by  water  acting  by  slow  diurnal  methods, 
but  by  water  moving  under  the  impulse  of  a  great  catastrophe.  If 
this  view  be  right  it  entirely  alters  the  conditions  of  the  problem 
about  the  true  epoch  of  the  Mammoth  and  its  companions. 

That  the  Drift,  so  far  as  our  evidence  goes,  invariably  overlies  the 
Mammoth  beds  where  the  latter  are  in  situ  I  have  argued  at  great 
length  in  this  Magazine,  and  have  also  adduced  a  great  deal  of 
evidence  to  prove  it,  and  this  evidence  keeps  growing.  This  means 
that  the  catastrophe  which  distributed  the  Drift  was  subsequent  to 
the  Mammoth  age,  and,  in  fact,  I  have  argued  that  it  was  this  very 
catastrophe  which  overwhelmed  the  Mammoth  and  its  companions. 
I  believe  also  that  it  was  the  final  chapter  in  the  history  of  the 
Bo-called  Glacial  period  (which  ought  really  to  be  styled  the  period 
of  Great  Glaciers),  and  that  to  it  we  must  attribute  almost  entirely 
the  last  changes  in  the  configuration  of  large  parts  of  the  Earth's 
surface  of  any  importance. 

This  means  that  while  the  distribution  of  the  Drift,  as  we  find  it, 
was  rapid  and  sudden  and  was  contemporary  with  the  extinction  of 
the  Mammoth  and  its  companions,  the  period  of  Great  Glaciers  which 
immediately  preceded  that  diluvial  movement  was  also  the  period 
during  which  the  Mammoth  and  its  companions  flourished,  and  that 
the  great  beasts  and  the  Great  Glaciers  flourished  side  by  side — were, 
ill  fact,  contemporaneous.  This  view,  I  submit,  is  in  accordance 
with  the  facts  and  best  explains  them.  To  put  the  case  more  con- 
cretely, it  is  that  while  the  Highlands  of  Scandinavia  and  Scotland, 
the  Jura  and  the  Yosges  in  Europe,  and  the  mountains  of  British 
Columbia  and  the  Lauren tian  Highlands  in  America,  were  nursing 
large  glaciers,  the  Lowlands  in  the  same  latitudes  were  ocou^v^d 
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by  forests  and  steppes,  where  abundant  vegetable  and  animal  life 
flourished,  and  that  the  era  of  Great  Glaciers  in  Europe  and  North 
America  corresponded  to  the  current  condition  of  things  in  New 
Zealand,  where  Great  Glaciers  exist  alongside  of  thickets  of 
luxuriant  trees,  amidst  which  the  Apteryz  and  its  companions 
thrive. 

In  order  to  illustrate  this  position  we  must  divide  the  area 
over   which   the  Mammoth  and  the  Drift  occur  into  three  zones: 

(1)  that  in   which   Drift  occurs,  but  not  the  Pleistocene  beasts; 

(2)  that  in  which  the  Pleistocene  beasts  occur,  but  not  the  Dnft; 
and  (3)  that  in  which  they  occur  together. 

In  regard  to  the  first  of  these  zones  or  provinces,  it  is  remarkable 
that  in  Scandinavia,  Finland  and  the  Alpine  country,  and  in  the 
correspondingly  glaciated  districts  of  America,  there  should  be 
a  virtual  absence  of  all  traces  of  the  Pleistocene  fauna,  not  merely 
of  the  Mammoth  and  the  Rhinoceros  but  of  traces  of  such  Arctic 
animals  as  the  Musk  Sheep,  the  Reindeer  and  the  Ice  Fox.  These 
last  creatures  occur  with  the  Mammoth  and  the  Rhinoceros  in 
France,  Central  Germany  and  Britain,  but  are  not  found  in  the 
Alps,  in  Scandinavia,  or  the  Highlands  of  Scotland,  although  now 
flourishing  in  the  highest  latitudes.  They  seem  to  have  abandoned 
those  areas  for  others  where  food  and  other  conditions  made  life 
supportable.  Not  only  so,  but  we  do  not  find  that  in  the  areas  where 
the  Pleistocene  beasts  occur  that  they  are  assorted  according  to 
climates,  but  they  occur  together  at  Zurich  and  on  the  borders  of 
the  Alps  and  in  Scotland  just  as  much  as  in  Southern  France. 
All  this  surely  points  to  the  sharp  separation  in  locality,  but  not  in 
time,  of  the  Pleistocene  fauna  of  the  plains  from  the  barren  uplands. 
This  distribution  of  the  fauna  of  the  Pleistocene  age  seems  to  me 
to  afford  strong  evidence  that  the  Great  Glaciers  of  the  high  lands 
were  contemporary  with  the  existence  of  the  Pleistocene  fauna 
elsewhere. 

If  we  turn  from  these  districts  to  those  where  the  Mammoth  and 
its  companions  have  occurred,  but  where  there  is  no  Drift,  we  shall 
be  constrained  to  the  same  conclusion. 

It  is  a  remarkable  fact  that  if  we  limit  ourselves  to  the  plains 
of  Northern  Siberia,  excepting  a  fringe  of  land  bordering  on  the 
Arctic  Ocean  which  has  recently  risen  from  the  sea  and  contains 
deposits  of  very  recent  marine  shells,  there  is  no  evidence  that 
a  period  of  severe  cold  other  than  that  now  existing  has  marked 
the  climate  of  Siberia  since  the  Mammoth  was  extinguished.  The 
existence  of  carcases  in  their  fiesh,  and  of  very  recent-looking 
Molluscs  and  tree  trunks  in  the  surface-beds  of  Siberia,  all  point  to 
the  age  they  represent  having  been  the  last  one ;  and  that  the  only 
glacial  conditions  which  have  existed  in  Siberia  are  those  now 
current  there,  the  climate  having  become  more  and  more  severe 
since  the  Mammoth  age.  This  means,  if  evidence  is  to  go  for 
anything,  that  the  Mammoth  age  in  Siberia  and  North-Eastem 
Europe,  which  was  its  last  epoch,  was  contemporary  with  the 
Great  Glaciers  elsewhere. 
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In  regard  to  Siberia,  Mr.  James  Geikie,  the  great  obainpion  of 
extreme  glacial  views,  fully  admits  that  there  are  no  traces  of  glacial 
action  there,  and  that  the  beds  in  which  the  Mammoth  remains 
occur  are  the  latest,  and  thus  correspond  to  the  Drift  beds;  and 
he,  in  fact,  actually  argues  that  "  the  Mammoth  and  the  Woolly 
Rhinoceros  may  have  survived  in  Northern  Asia  down  to  a  com- 
paratively recent  date"  (The  Great  Ice- Age,  pp.  664-656,  and 
notes).  I  cannot  see  how  the  conclusion  can  be  avoided,  in  fact, 
that  in  Siberia  the  Mammoth  age  was  strictly  contemporary  with 
the  development  of  Great  Glaciers  in  Europe  and  North-East 
America.     Nor  do  I  know  anyone  who  would  contest  it 

What  is  true  of  Siberia  is  equally  true  of  that  outlier  of  Siberia — 
Alaska — which  resembles  it  in  every  way,  in  the  absence  of  traces  of 
old  glaciation  in  the  preservation  of  great  masses  of  remains  of 
Pleistocene  beasts  in  a  very  fresh  condition,  whose  very  freshness, 
as  in  Siberia,  points  to  their  having  lived  in  the  very  latest 
geological  period,  and  contemporaneously  with  the  glaciation  of  the 
country  round  Hudson's  Bay  further  east. 

So  much  for  Siberia  and  Alaska;  but  it  is  not  possible  to  separate 
Siberia  from  European  Russia.  The  continuity  of  conditions  of  the 
fauna  and  of  the  surface-beds  is  complete,  as  I  have  shown  elsewhere. 
North-Eastem  Europe  is,  from  the  point  of  view  of  physical 
geography,  a  mere  western  continuation  of  Siberia,  and,  as  we  travel 
southwards  and  westwards  from  Petschora  land,  we  pass  through 
a  country  whose  surface-deposits  are  continuous,  and  of  the  same 
texture  and  having  the  same  contents,  the  only  difference  being  that 
the  permanently  frozen  soil  with  its  preserved  animal  mummies  gives 
place  to  soil  not  permanently  frozen,  containing  only  skeletons ;  and 
this  goes  on  in  Russia  right  up  to  the  deposit  where  the  so-called 
Northern  Drift  begins  to  appear.  In  Siberia,  where  no  Northern 
Drift  occurs,  the  continuity  of  conditions  goes  on  uninterruptedly 
until  we  reach  the  hilly  districts  of  the  South,  where  the 
Pleistocene  remains  are  less  frequent,  but  precisely  the  same  in 
character,  and  they  only  disappear  when  we  reach  the  widely- 
scattered  sandy  deposits  containing  salt-water  shells,  which  are  the 
evident  bed  of  the  dessicated  Central  Asiatic  Sea  of  Pleistocene  times. 

Tlie  view  here  urged  is,  I  believe,  the  view  of  Professor  Nikitin 
and  the  most  experienced  Russian  geologists. 

In  regard  to  Germany  and  Central  Europe,  Penck  has  devoted 
a  special  Memoir,  entitled  "Der  Mench  und  Eiszeit,"  to  show 
that  Palaeolithic  Man  and  his  companions  were  occupying  that  area 
while  the  so-called  Ice-age  was  culminating  in  more  Northern 
latitudes.  In  the  Map  in  which  he  gives  the  various  localities 
where  traces  of  Palaeolithic  Man  have  occurred  in  Central  Germany, 
he  does  not  give  one  where  the  actual  Drift  occurs.  It  would  be, 
indeed,  singular  if  such  a  trace  had,  in  fact,  been  found  in  that  area, 
when  we  remember  the  rarity  of  the  occurrence  of  the  Pleistocene 
beasts  in  the  same  district ;  but  he  gives  several  in  the  zone  bordering 
the  actual  Drift-zone  on  the  south,  and  occupied  by  Loess,  which 
is  very  generally  accepted  now  as  a  flood-deposit  dosely  united  Yi\\\i 


164     Sir  jBT.  Hotcorth — The  Mammoth  Age  and  the  Ohciers. 

the  Drift.  Penck  says  that  the  synchronism  of  Palsoolithic  Man 
with  the  great  Ice-age  does  not  rest  on  a  chain  of  different  inferences, 
and  he  concludes  his  detailed  examination  of  the  problem  with  the 
words,  **d\e  altesten  Spuren  des  Europaischen  Menschen  gleichalterig 
Bind  mit  den  Moranen  der  Vergletzerungen." 

The  same  view  on  different  grounds  has  been  urged  by  the  dis- 
tinguished botanist  Drude,  who  argues  that  a  considerable  vegetation 
survived  on  the  high  ground  in  Germany,  while  the  low  ground  was 
occupied  by  ice,  and  that  it  was  from  this  vegetation  the  present 
flora  of  the  country  is  derived. 

If  we  turn  to  America  and  examine  the  problem,  either  as  pre- 
sented by  the  so-called  Bone  Licks  of  Ohio  or  by  the  Driftless  areas, 
we  shall  be  constrained  to  the  same  conclusion.  The  bones  of  the 
extinct  animals  in  both  oases  occupy  the  very  latest  beds  and  are 
found,  so  far  as  we  can  judge,  at  the  precise  horizon  where  elsewhere 
the  Drift  beds  oocur.  Whitney,  who  described  the  Driftless  region 
in  Wisconsin,  Iowa  and  Minnesota,  says  that  it  ''  must  have  formed 
an  island  at  the  time  when  the  great  currents  from  the  North 
were  bringing  down  the  detrital  materials  which  are  spread  over 
BO  vast  an  area  in  the  Northern  hemisphere."  Of  the  condition 
of  this  island  and  its  environs,  Mr.  J.  Geikie  says :  **  Throughout 
this  remarkable  region  the  remains  of  numerous  extinct  Mammalia 
have  again  and  again  been  detected.  They  occur  promiscuously 
embedded  in  the  surface-wash,  or  in  cracks  and  crevices  of  the 
limestone.  The  animals  mentioned  are  Mastodon,  Megalonyx, 
Elephant,  Buffalo,  Wolf,  extinct  species  of  Peccary,  Eacoon,  and 
several  Rodents,  etc.     Many  of  these  were  got  in  clayey  loam  at 

considerable  depths  from  the  surface Beyond  the  Driftless 

region,  however,  in  those  tracts  that  are  thickly  covered  with  gravel 
sand,  boulders  and  hardpan,  no  such  Mammalian  remains  occur  in 
superficial  or  post-Glacial  deposits  "  (Great  Ice- Age,  p.  464). 

The  evidence  then  of  those  areas  where  the  Pleistocene  beasts 
occur,  but  not  the  Drift,  confirms  that  of  those  places  where  the 
Drift  occurs  but  not  the  animals. 

Lastly,  we  have  to  deal  with  that  zone  where  both  occur  and 
where,  so  far  as  I  know,  the  Drift  always  overlies  the  Mammoth 
beds  when  the  latter  are  in  situ.  Here  we  find  precisely  what  we 
should  expect  to  find  if  a  great  diluvial  movement  had  distributed 
the  materials  formed  in  the  glaciated  highlands,  and  the  very  reverse 
of  what  we  should  expect  to  find  if  the  Drift  had  been  distributed 
by  ice.  ITie  rush  of  waters  as  it  went  along  would  seize  upon  the 
loose  debris  and  incoherent  beds  from  every  district  which  it  passed 
over,  and  incorporate  them  with  the  mud  and  other  loads  which  it 
was  carrying  along.  Thus  we  find  molar  teeth  and  other  bones  of 
Mammoth,  etc.,  which  must  have  been  lying  about  in  a  fresh  un- 
weathered  condition,  and  we  find  logs  of  timber  occurring  in  the 
Boulder-clay  itself  and  in  the  associated  beds,  and  occurring  there, 
no  doubt,  as  true  boulders,  just  as  we  may  find  Ammonites  from  the 
Lias  and  Oolitic  fossils,  together  with  masses  of  granite  and  other 
primitive  rocks  in  the  Boulder-clay  of  the  Eastern  Counties.    Thus 
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we  find  in  the  Baltic  lands  marine  shells  associated  with  land  dShriSt 
as  we,  in  fact,  do  also  in  England  where  Molluscs  from  salt-water 
and  Molluscs  from  fresh-water  and  pieces  of  wood,  and  teeth  of 
animals  occur  in  the  same  heds,  being  the  debris  of  a  widespread 
ruinous  flood.  It  seems  to  me  that  all  the  evidence  we  have  points 
to  this  conclusion,  which  I  have  long  ago  urged.  The  theory  of  the 
survival  of  the  pre-Glacial  Fauna  and  Flora  is  a  notion  that  does  not 
date  from  yesterday  only.  It  is  likely,  I  think,  to  grow.  I  have 
already  shown  in  your  pages  what  strong  grounds  there  are  for 
believing  that  the  fauna  and  flora  of  Greenland,  Spitzbergen,  and 
other  lands  are  not  a  re-importation  after  they  had  been  depopulated 
by  the  Glacial  monster,  but  a  survival  from  pre-Glacial  times. 

Coming  down  to  our  own  latitudes  I  never  could  understand  how 
the  Lusitanian  forms  in  the  flora  of  the  South- West  of  England  and 
the  South  of  Ii-eland  could  be  explained  by  any  other  theory. 

The  view  had  already  been  maintained  by  Edward  Forbes.  He 
considered  that  the  oldest  vegetation  in  the  British  Isles  is  that  of 
the  mountains  of  the  West  of  Ireland,  which,  though  an  Alpine  flora, 
is  Southern  in  character,  and  quite  distinct,  as  a  system,  from  that 
of  the  Scotch  and  Welsh  Hills.  Its  very  Southern  character,  its 
limitation,  and  its  extreme  isolation,  are  evidence,  he  says,  of  its 
antiquity,  pointing  to  a  period  when  a  great  mountain -barrier 
extended  across  the  mouth  of  the  Bay  of  Biscay,  from  Spain  to 
Ireland,  which  he  attributes,  hypothetically,  to  Miocene  times. 
Another  flora,  confined  to  the  South-west  of  England  and  uniting 
that  promontory,  is  similar  to  that  of  the  Channel  Islands  and  the 
opposite  coast  of  France.  The  existence  of  this  flora  depended  upon 
the  existence  of  a  barrier,  the  traces  of  which  still  remain,  from  the 
West  of  France  to  the  South-west  of  Britain.  Here,  again,  we  must 
travel  beyond  the  Glacial  period  to  explain  the  facts.  Forbes 
argues  further  that  the  endemic  animals,  especially  the  terrestrial 
Molluscs,  necessitate  the  same  conclusion  (Brit.  Ass.  Rep.  for  1845, 
pp.  67  and  68). 

Mr.  Bulman  has  recently  examined  the  question  in  Natural 
Science,  and  I  will  quote  some  of  his  conclusions. 

He  mentions  the  absence  from  England  of  fifty  species  of  Mammals 
occurring  on  the  Continent  as  a  notable  fact  in  this  behalf,  and 
pointing  to  our  fauna  being  that  which  survived  from  Glacial  times. 
If  there  had  been  a  subsequent  bridge  it  is  hard  to  explain  this 
absence,  for,  as  he  says,  the  supposition  that  they  had  not  time  will 
not  pass  muster;  and  so  with  the  reptiles.  Turning  to  the  plants, 
be  says  that  those  which  must  have  crossed  the  plain,  on  the 
hypothesis  of  a  re-stocking  from  the  Continent  after  the  Glacial 
epoch,  include,  apparently,  some  of  the  most  slowly-spreading 
forms.  In  regard  to  the  Southern  plants  in  Ireland,  he  says:  "In 
the  absence  of  a  direct  land-connection  between  Ireland  and  the 
North  of  Spain  since  glaciation,  for  which  there  is  no  independent 
evidence,  it  is  difficult  to  understand  how  they  can  have  got  there  ;  *' 
and  he  goes  on  to  argue  "that  a  more  reasonable  explanation  is  to 
suppose  that  they  were  previously  widely  dispersed  ovQt  lSt\\;dA.\i 
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and  that  they  were  exterminated  everywhere,  but  in  the  wannest 
corner,  by  the  cold."  In  regard  to  the  Southern  Flora  of  Devon 
and  Cornwall  the  same  writer  says:  ''The  precarious  foothold  of 
many  of  the  species,  and  the  apparent  dying  out  of  some,  are  not 
sui^gestive  of  species  migrating  northwards  in  response  to  a  con- 
tinually ameliorating  climate.*'  Lastly,  Mr.  Bulman  quotes  the 
occurrence  of  the  reeds  of  Nata$  marina  in  the  Cromer  Forest  Bed. 
The  only  British  locality  for  this  plant  is  Heckling  Broad,  Norfolk, 
and,  hitherto,  the  Forest  bed  is  the  only  fossil  locality.  "  It  would 
be,"  he  says,  '*to  say  the  least,  a  curious  coincidence  if  it  had 
been  exterminated  by  the  ice  and  had  then  re-migrated  from  the 
Continent  to  one  spot  in  Norfolk  only."  The  species  is  at  present  a 
native  of  the  temperate  and  tropical  regions  of  the  world  (Natural 
Science,  pp.  261-266). 

Dr.  Scharff  has  recently  sent  me  some  papers  on  Irish  land  and 
fresh-water  Molluscs,  in  which  he  takes  the  same  view  in  regard 
to  Ireland,  and  it  seems  to  me  it  is  only  by  taking  this  view  we  can 
explain  the  fauna  and  flora  of  the  detached  islands  off  the  British  coast. 

Mr.  Somervail  thus  describes  the  conditions  which  he  supposed,  and 
what  I  suppose,  prevailed  in  Scotland  during  the  Glacial  age.  *'  All 
the  higher  part  of  the  country  would  appear  to  have  been  covered 
with  snow  and  ice  to  a  considerable  depth.  The  great  valleys  were 
filled  with  glaciers  which  reached  the  sea.  Large  tracts  of  the  country 
were  entirely  free  from  ice  and  covered  with  the  flora  and  tenanted  by 
the  fauna  already  referred  to,  and  doubtless  by  many  more  of  whose 
existence  we  have  not  as  yet  discovered  any  record.  Over  certain 
tracts  small  lakes  existed,  formed  by  the  melting  of  the  terminal 
portion  of  the  glaciers  further  inland,  while  in  and  around  those 
lakes  sufficient  vegetation  grew  to  form  the  layers  of  peat  which  we 
sometimes  find  inclosed  in  the  Boulder-clay  "  (Trans.  Geol.  Soc.  of 
Edinburgh,  vol.  iii.  p.  95). 

In  illustration  of  this  position,  I  would  quote  what  is  actually 
occurring  in  these  Northern  latitudes  at  this  moment. 

Speaking  of  a  glacier  near  Odde  on  the  Hardanger  Fiord,  Mr.  J. 
M.  Wilson  says  :  *'  The  steep  slope  of  ice  terminates  in  a  very  small 
moraine  a  yard  or  two  wide  ....  masses  of  fresh  turf,  with  flowers 
still  in  bloom,  are  thrown  up  in  this  moraine  as  the  inexorable 
mass  pushes  on.  It  is  now  ploughing  through  the  sweet  pastures 
belonging  to  a  farm.  Within  a  few  yards  of  the  glacier  are  to  be 
found  wild  roses  and  foxgloves,  ladies*  mantles  and  holly  fern,  and 
a  score  of  meadow  flowers,  with  ripe  raspberries  and  strawberries 
and  blackberries.  This  is  a  new  glacier  only  60  years  old."  (Gkol. 
Mao.,  1872,  Vol.  IX.  p.  484). 

The  fact  is,  we  have  been  pursuing  a  Will  o'  the  Wisp  instead  of 
a  real  induction  in  following  the  lead  of  the  cultivators  of  the  great 
Glacial  Myth.  We  must  countermarch,  that  is  plain  ;  we  must  get 
rid  altogether  of  the  notion  that  half  the  Northern  temperate  zone 
was  swathed  in  ice  and  snow,  and  realize  it  as  it  may  be  still 
realized  in  New  Zealand,  in  the  Himalayas,  and  the  Altai  Mountainiy 
where  glacier  and  forest  are  almost  conterminouB. 


Hev.  P.  B.  Brodie — Remarks  on  Fossil  Insects.  167 

This  view  does  away  entirely  with  those  theories  according  to 
Tvbich  England,  etc.,  etc.,  were  stripped  of  their  verdure  and  their 
living  inhabitants  and  encased  in  a  suit  of  frozen  armour,  and  were 
then  re-invaded  and  re-peopled  by  fresh  importations  of  plants  and 
animals  which  had  meanwhile  retired  goodness  knows  where,  and 
which  returned  again  goodness  knows  whence,  without  having 
varied,  in  a  mode  at  once  simple  and  astounding. 

The  living  plants  and  animals  of  these  islands,  with  the  exception 
of  a  very  few  extinct  forms,  are  virtually  the  same  as  those  living 
in  the  Mammoth  age.  It  would  have  been  strange  indeed  if  this 
identity  had  survived  an  extinction  of  life  and  re-colouization  of 
Britain.  As  a  matter  of  fact,  this  extinction  and  this  re-colonization 
are  unsupported  by  any  induction  from  the  facts  of  either  Qeology 
or  Natural  History.  They  are,  like  many  other  scientific  opinions, 
conclusions  necessitated  by  adopting  d  priori  theories.  Some  plants 
and  some  animals  perished,  no  doubt,  but  the  great  bulk  remained. 

In  discarding  this  conclusion  we  are  remitted  to  a  more  rational 
one,  namely,  that  the  plants  and  animals  found  within  our  four  seas, 
save  and  except  those  introduced  by  human  agency,  either  directly 
or  indirectly,  and  some  waifs  and  strays,  are  the  descendants  of  the 
plants  and  animals  which  were  living  here  in  the  Mammoth  age, 
which  was  the  age  of  Great  Glaciers,  with  which  age  the  present 
one  is,  in  fact,  perfectly  continuous,  the  only  break  having  been  the 
extinction  of  a  few  forms  by  the  great  catastrophe.  This  view  is 
not  popular  just  now,  but  I  have  no  doubt  whatever  that  it  will 
presently  prevail,  and  that  its  acceptance  will  clear  away  a  great 
deal  of  difficulty  and  misleading  intricacy  from  our  text  books,  not 
only  of  Geology,  but  of  Natural  History. 

The  view  here  urged  in  regard  to  the  contemporaneous  existence 
of  the  Great  Glaciers  and  a  fertile  champagne  country  side  by  side 
in  the  last  Geological  age  seems  to  me  to  best  explain  the  facts. 

P.S. — I  have  just  seen  Mr.  Stirrup's  paper  in  the  February 
Number,  pp.  80-82.  I  am  bound  to  say  I  cannot  follow  his  logic, 
nor  can  I  understand  what  he  is  after.  The  facts  he  quotes  from 
Dali  and  others  are  well  known.  I  do  not  dispute.  What  1  do 
dispute  is  the  inference  that  they  point  to  the  Ice  beds  being  older 
tlian  the  Mammoth  beds.  Whatever  their  age,  it  seems  to  be  quite 
certain  that  they  must  be  the  result  of  infiltration,  unless  trees  can 
grow  on  blue  ice  and  Mammoths  browse  on  snow. 


IV. — Further  Remarks  on  the  Tertiary  (Eocene)  Insects  from 
THE  Isle  of  Wight,  and  on  others  from  the  Lias  and 
Coal- Measures. 

By  the  Rev.  P.  B.  Brodib,  M.A.,  F.G.S. 

I  WISH  to  make  some  corrections  and  additions  to  my  recent 
paper  on  the  Tertiary  insects  from  Gurnet  Bay,  and  to  mention 
others  from  older  formations.  I  have  recently  had  an  unexpected 
and  gratifying  visit  from  my  friend  Mr.  Scudder,  the  eminent 
American   palsBO^ntomoIogist,   and   if  I  had  been  aware  ^ou^t 
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of  bis  ooming  to  England  I  should  have  deferred  my  notice  of 
some  of  our  British  Tertiary  Arthropoda  until  he  had  examined  the 
large  and  varied  series  in  my  Collection.  Unfortunately,  he  could 
only  spend  a  part  of  two  days,  so  that  the  examination  was  very 
cursory ;  and,  of  course,  it  would  require  a  very  long  and  careful 
examination  to  determine  them.  He  thinks  that  the  supposed 
^SS^  o^  insects  and  annelids  cannot  be  referred  to  either;  the 
former  he  could  not  identify  and  the  latter  he  considered  to  belong 
to  plants.     Among  the  insect  remains  he  detected  the  following : — 

(5)  NSUBOFTBRA. 

Termitetf  nearly  perfect,  with  attached 
wings,  eeveral. 

Dragon-fly,  part  of,  including  hend, 
thorax  and  one  wing ;  several  other 
wings. 

Fhryganea^  wings. 

(6)  Orthoptbra. 

Loeusta,  wings. 
Oryllut,  wing. 

(7)  Hbmiptbra. 

Aphu, 

Cicadaf  wing  and  bodies. 

* 

(8)  Arachnxda. 

OattypM  Woodwardii,  and  many 
others;  one  resembles  Epira  of 
Heer  (P.B.B.). 

Myriapoda,  one  example. 


(1)  COLBOPTBRA. 

CurciUio. 

Staphylinut. 

Cheironomua. 

Boeeui  (allied  to). 

Elater  Bup  ettida. 

Tilephoridaf  and  many  others. 

(2)  Htmbnoptbra. 

Ants,  seTeral  genera,  very  nnmerons. 
Gnats,  abonda^i. 

(3)  Lbpidoptbra. 

Moth,  with  body  and  wings.    A  rare 

and  Tery  fine  specimen. 
Butterflies,  two  wings. 

(4)  DiPTBRA. 

Tipula,  Crane  fly,  body  and  wings. 

„        Wings. 
Syrphida^  several ;  and  many  others. 


Among  the  Lias  insects  Mr.  Scudder  noticed  an  example  of 
PalaoiermeSf  unfortunately  ill-preserved  and  imperfect,  but  it  is 
desirable  to  record  this  genus  from  the  Warwickshire  Lias,  as  it 
may  be  identical  with  the  fine  and  perfect  insect  from  Barrow- 
on-Soar,  described  and  figured  by  Dr.  Woodward,^  half  of  which 
is  now  in  the  British  Museum  (Natural  History).  In  the  Upper 
Lias,  from  Dumbleton,  Qloucestershire,  he  noted  two  large  Netirop" 
ierous  wings  as  being  quite  distinct  from  Lihellula  Brodiei,  the  finest 
insect  in  my  Collection,  and  to  which  they  had  been  previously 
assigned.  In  the  Coal-measures  at  Commentry,  in  France,  there  is 
a  gigantic  wing  of  a  large,  probably  Neuropterous,  insect,  Meganeura 
mongiy  Brongniart,  the  head  and  body  of  which  are  gone,  except 
a  thoracic  portion  to  which  enormous  wings  are  attached.  These 
are  very  long,  longer  than  broad,  with  an  expanse  of  wing  almost 
approaching  to  that  of  a  fair- sized  bird.  This  is  a  most  marvellous 
Carboniferous  insect,  the  largest  known  and  larger  than  the  wing 
Archaoptilus  ingenSf  Scudder,  in  my  Collection,  from  the  Coal  Beds, 
Chesterfield,  Derbyshire,  showing  how  favourable  the  conditions 
must  have  been  for  the  growth  and  development  of  certain  forms 
of  insect  life  in  that  epoch.     Since  then  the  Neuroptera  and  Blattida, 


1  Gbolooical  Magazinb,  Decade  III.  Vol.  IX.  p.  193,  PI.  V.  1892. 
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BO  oharacteriatio  of  the  Coal-measures,  aeem  to  hare  degenerated. 
Many  other  Carboniferous  insect  relics  are  of  great  size,  so  that  they 
must  have  been  dinosauri  of  their  kind,  and  the  NeuTOplara  became 
aldermanio  and  got  fat  and  bulky  on  tbe  well-grown  and  unctuous 
Slatta.  A  plate  of  this  fine  insect,  Iciodly  presented  to  me  by  the 
anthor,  will  appear  in  M.  0.  Brongaiart's  folio  work  on  the  Com- 
mentry  inseota,  in  dne  oourse. 


Y. — CORDIBRITK   IN  TBB  LaKB  DiSTBIOT. 

Bf  Altud  HiaKSB,  M.A.,  F.Q.8. 

IN  the  Febmary  Number  of  this  Maoazihk,  Mr.  Hutchiogs 
announces  that  he  has  identified  as  Cordierite  the  mineral 
which  constitutes  the  oonspiououe  "  spots "  in  the  metamorphosed 
fliatea  of  Wasdale  Beok  near  the  Shap  Granite.  In  this  oonneotion, 
it  may  be  of  interest  to  record  another  occurrence  of  tbe  same 
minenl,  discovered  by  Mr.  Marr  and  myself  a  year  or  two  ago.  Jt 
ia  in  the  metamorphosed  Skiddaw  Slates  of  the  Caldew  Valley  in 
Cumberland,  the  locality  of  our  speoimens  being  south-west  of  the 
farm  of  Swineside.  Tbe  oordierite  ooonrs  there  in  crystals  of  quite 
irregular  shape,  charged  with  Tarious  inclusions,  original  and 
secondary,  and  stained  with  liinonite.  A  transverse  section  is  about 
-07  or  -08  inch  in  diamf  ter,  and  shows  tbe  characteristic  polysynlhelio 
twinning,  causing  a  division  into  six  seotora  when  viewed  between 


Tio.  Tnngrene  Section  nt  Corditrita  Crjntal  in  ths  mBtamorphosed  Skiddair 
Statu  Dear  Sviocaida,  x  SO  [slide  1663]. 

Tbe  drawing  ii  in  jiart  diagramnutic,  the  dirisioa  intfi  all  6«ld>  being,  of  course, 
i — i^!.!.  In  mioral  light. 


tDTidble  ii 


crosaed  niools.  In  addition  there  is  n  division  into  an  inner  and 
outer  portion  by  a  welt-marked  hexngonal  zone  of  opaque,  probalily 
<»rbonaceoua,  inolusiona.  I'he  outline  of  the  transverse  section 
itself  shows  only  a  general  correspondence  with  tbe  bexn^runal 
form,  and  extends  as  a  ragged  fringe  into  tbe  surrounding  part  of 
the  rook. 
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The  mineral  recalls  in  some  respects  that  described  by  Eikuchi  ^ 
from  the  Waterase-gawa  district  in  Japan ;  but  it  is  not  possible  to 
make  out  in  the  Galdew  occurrence  all  the  interesting  peculiarities 
exhibited  by  the  much  larger,  fresher,  and  more  perfect  crystals 
studied  by  that  author.  He  regards  the  variety  which  he  describes 
as  bearing  the  same  relation  to  cordierite  that  chiastolite  does  to 
andalusite. 

After  Mr.  Hutchings*  discovery,  it  seems  probable  that  cordierite 
will  be  found,  if  looked  for,  in  other  tracts  of  metamorphosed  slates 
in  this  country. 

YI. — JuBASSio   Ammonites:   Notes  on  a  Pamphlet  by  Dr. 

Ehle  Hauo.' 

By  S.  S.  fiucxMAN,   F.G.S. 

IN  the  twentieth  volume  of  the  Bulletin  de  la  Societe  geologique 
de  France  (p.  277)  a  valuable  paper  with  the  above  title  was 
published.  It  contains  three  plates  with  a  number  of  species,  six 
of  which  are  said  to  be  new.  That  I  cannot  agree  with  all  his 
conclusions  Dr.  Haug  knows  well,  for,  before  the  work  appeared, 
the  author  kindly  sent  me  copies  of  his  proof  plates  for  my  opinion, 
and  several  letters  passed  between  us  on  the  subject ;  that  he  cannot 
agree  with  all  my  opinions  on  matters  palaeontological  the  author 
readily  confesses  in  the  present  paper.  Nevertheless  in  two  cases 
of  importance  this  paper  does  bring  us  more  closely  into  agreement, 
as  I  will  point  out  presently. 

In  plate  viii.,  the  first  of  the  three  plates  which  illustrate  the 
work,  figs.  1  and  2  are  called  "  Sonntnia,  cf.  corrngatay  Sowerby," 
figs.  3  and  4,  **  S,  furticarinata,  Quenstedt,"  fig.  5,  "  S.  pinguts, 
Roemer,"  ^g,  6,  S.  {Poecilomorphus)  Schlumhergeri,  n.  sp."  I 
certainly  do  not  agree  with  placing  figs.  3  and  4  in  the  same 
species :  the  latter  figure  shows  a  more  coarsely-ornamented  shell, 
its  periphery  furnished  with  a  large  hollow  carina  not  bordered  by 
anything  like  sulci,  while  the  periphery  of  ^g.  3  is  very  distinctly 
so  marked.  With  fig.  4  I  should  associate,  not  necessarily  as  the 
same  species,  but  as  something  very  near,  figs.  1  and  2  ;  and  I 
should  also  place  in  proximity  fig.  5,  *'  Sonn.  ptnguia,**  Koemer  is 
the  author  of  the  name  pinguis,  and,  though  he  gave  a  very  bad 
figure  of  his  shell,  I  think  Haug's  fossil  is  far  too  strongly  costate; 
my  cabinet  can  show  specimens  much  nearer  the  original. 

Of  fossils  nearly,  if  not  quite,  the  same  as  fig.  3  I  have  several, 
and  can  say  that,  with  age,  they  do  not  lose  their  peripheral  furrows, 
that  they  do  not  become  strongly  lobate  like  fig.  4,  and  that  they 
are  certainly  thinner. 

Plate  ix.  shows  "  Sonn.  sulcatat  (S.  Buckm.)  ; "  in  removing  this 
species  from  lAllia  I  think  Dr.  Haug  has  rightly  corrected  me, 
though  the  form  he  figures  differs  in  certain  points  from  mine — 

^  On  Cordierite  as  a  contact-mineral,  Joum.  Coll.  Sci.  Imp.  UniT.  Japan 
(Tokyo),  Tol.  iii.  (1890),  pp.  313-334,  pi.  xiviu. 

^  Etudes  8UI  les  Ammonites  des  Etages  moyens  du  Syst^me  jurassiqiie. 
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Sonn.  BucJcmant,  n.  sp.,  an  allied  form,  for  which  I  tender  my  thanks-* 
**  S.  deltafalcatay  Quenstedt/' — and  Witchellia  punctatisaima,  n.  sp. 

Plate  X.  illustrates  S,  ahaticaj  Haug,  now  figured  for  the  first 
time — a  small  S.  deltafalcata  which  possesses  connate  rihs,  and  is 
thus  different  from  those  in  pi.  ix — "  Witchellia  complanata  "  and 
**  FT.  liostraca,  Buckm.,"  with  the  specific  determination  of  which 
I  agree,  but  which  I  placed  in  my  genns  Dorsetensia — **  Witchellia 
regredienSf"  —  **  W,  Edouardiana,^* — "  W.  crassicarinata"  which 
looks  dangerously  like  what  I  should  expect  to  be  the  young  of 
my  Dorseiensia  tectay — *' Harpoceras  capillatum,  Denckmann," — and 
**  H.  cf.  aalense,^*  an  interesting  species  from  the  "  Concavum-zone,** 
which  has  ribs  far  too  falciform  for  close  connection  with  aalenaism 

My  genus  Dorsetenaia  Dr.  Haug  has  rejected:  he  merges  it  in 
Witchellia,  on  the  ground  that  Witchellia  only  differs  from  Dorset" 
ensia  by  the  persistence,  in  adults,  of  two  furrows,  one  each  side  of 
the  carina.  This  difference,  he  contends,  is  not  sufficient  for  a  genus, 
or  even  for  a  sub-genus ;  but  with  this  dictum  I  venture  to 
disagree  :  in  my  opinion  any  one  character  common  to  several 
species  is  of  generic  importance,  provided  it  be  not  the  result  of 
honioplasy. 

I  fear  that  a  certain  misunderstanding  of  my  genns  Witchellia  is 
answerable  for  Haug's  rejection  of  Dorsetensia :  the  author  could 
not  find  **  lateral  tubercles "  in  any  Witchellia,  Now,  soon  after 
founding  my  genus,  I  wrote  that  some  specimens  showed  sharp 
spines  in  the  inner  whorls.^  The  phrase  "sharp  spines"  is  stronger 
than  **  lateral  tubercles";  and  in  face  of  this  distinct  assertion  the 
author's  remarks  appear  a  little  rash.  The  question  which  occurs 
to  my  mind  is  :  Do  any  of  the  specimens  which  he  possesses  belong 
to  my  genus  Witchellia  as  I  should  define  it  ?  On  this  point  I  think 
there  may  reasonably  be  some  doubt ;  because  the  only  species  which 
I  recognize  as  having  any  likeness  to  Witchellia  is  his  fig.  3,  pi.  viii.; 
but  this  the  author  calls  **  Sonninia," 

Dr.  Haug  says  that  my  Dorseiensia  pulchra  is  d*0rbigny*8 
Edonardiana,  and  my  Edouardiana  he  names  afresh,  **  regrediens,** 
1  am  willing  to  admit  that,  Edouardiana  being  a  French  species,  the 
author  ought  to  know  more  about  it  than  I  do ;  but,  if  he  be  correct 
in  these  statements,  d*Orbigny's  must  be  a  very  unfortunate  drawing. 
My  pidchra  is  practically  smooth  half-a-whorl  sooner  than  the 
specimen  shown  in  d'Orbigny's  figure  of  Edouardiana ;  while, 
further,  my  pulchra  shows  in  its  septation  the  very  character — a 
two-  instead  of  a  three-pointed  superior  lateral  lobe — which  Haug 
calls  attention  to  in  his  regrediens  as  a  distinction  from  Edouardiana. 

Among  the  many  points  of  interest  in  this  work  I  notice  one 
thing  with  satisfaction,  namely,  that  Dr.  Haug  now  agrees  with  my 
view  as  to  the  position  of  Witchellia:^  he  places  it  as  **  un  genre 
voisin  du  genre  Sonninia."  Formerly  he  regarded  the  species  now 
known  as  Witchellia  {+ Dorsetensia,  etc.)  as  allied  to  Orammoceras  ;^ 

'  Descent  of  Sonninuty  etc.    Q.J.6.S.  vol.  xIt.  p.  668. 
»  Ibid.  p.  658. 

'  Beitrage  Monogr.  Sarpoeerasj  Neues  Jahrbucb  fiir  Mineral,  etc.     lSft5.    '&«\- 
Bd.  iii.  p.  637. 
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bat  we  have  had  some  oorrespondenoe  on  this  matter,  and  I  take  it 
as  a  compliment  that  the  author  can  adopt  my  view.  The  change 
means  a  great  deal :  it  signifies  the  removal  of  WitcheUia^  eta,  from 
the  family  Hildoceratida  into  the  family  AmaltheidOf  sub-family 
SonnininiB. 

A  notice  of  this  pamphlet  would  not  be  complete  without 
mentioning  that  it  contains  some  interesting  remarks  about  that 
sexual  dimorphism  among  Atnmonitea  which  Prof.  Munier-Chalmas 
has  ably  discussed.^  The  idea,  though  not  novel,  is  certainly  worthy 
of  attention  in  the  form  it  is  now  presented  to  us.  I  confess, 
however,  to  feeling  considerable  scepticism  in  the  matter,  though 
I  have  every  wish  to  fully  examine  the  evidence  from  the  author's 
point  of  view,  so  as  to  do  the  idea  full  justice.  MM.  Munier- 
Ohalmas  and  Haug  evidently  do  not  endorse  the  saying  **cherehez 
la  femme"  but  believe  it  to  be  necessary  eherchez  le  mdle ;  and  they 
think  they  have  found  him  chez  les  Ammonitidis, 

In  concluding  my  remarks  on  this  valuable  contribution  to 
Ammonite  literature,  I  may  note  that  the  plates  and  many  of  the 
septal  delineations  are  done  by  photography ;  and  that  on  the  whole 
the  results  are  good. 

P.S. — Since  the  above  was  written  I  have  found  that  the  proof- 
plate  of  D,  Edouardiana  was  submitted  to  Dr.  Haug;  and  that  he 
agrees  with  my  identification.  It  may  be,  of  course,  that  in  this 
matter  "  second  thoughts  '*  are  best ;  I  only  mention  it  to  show  that 
I  did  not  rely  solely  on  my  own  judgment  in  the  identification  of  a 
foreign  species,  but  that  I  took  the  pains  to  get  my  opinion  con- 
firmed by  one  who  is  a  competent  authority. 


la  E  V  I  E  -VT-  S. 


I. — Paljbontology  of  New  York,  Vol.  VIII.  Part  II.  Fascicle  IL 
An  Introduction  to  thb  Study  of  thb  Genera  of  the 
Paleozoic  Braohiopoda.  By  Jambs  Hall,  assisted  by  John 
M.  Clarke,  Albany,  New  York,  December,  1893.  Pp.  177-317, 
95  Woodcuts.     (Charles  Van  Benthuysen  &  Sons.) 

THIS  is  another  and  welcome  instalment  of  Hall  and  Clarke's 
remarkable  work  on  Brachiopoda.  It  treats  of  the  earliest 
forms  of  the  Rhynchonelloids,  Terebratuloids  and  Thecidoids,  and 
therefore  concludes  their  valuable  generic  discussions  upon  the 
Palseozoic  Brachiopoda. 

The  authors  are  convinced  that  the  primitive  Rhynchonelloids 
deviated  at  an  early  age  from  the  same  stock  whence  Orthis  had 
been  derived.  They  state  that  the  earliest  Rhynchonellas  of  which 
the  internal  structure  is  known  are  not  Rhynchonellas  in  any  true 
sense  (of  the  type  of  the  Jurassic  R.  loxia),  **but  properly  connecting 
morphological  phases  between  Orthis  and  Rhynchonella — inceptive 
stages  of  the  fuller  development  attained  in  later  faunas." 

^  Munier-Chalmas.  Sar  la  possibility  d'admettre  un  dimorphisme  sexuel  chex 
les  Ammonitid^B.  Compte-rendu  sommaire  des  Seances  de  la  Soci^t^  g^ologique  de 
Prance,  No.  14,  p.  172.     1892. 
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The  following  new  genera  representing  intermediate  stages  of 
structure  are  proposed  for  the  Palssozoic  Rhynchonelloids  and 
Pentjimeroids: — 

Pbotobhynoha  :  type  Atrypa  duhta^  Hall,  Chazy  limestone,  a 
primitive  and  prolific  form  related  to  Orthia, 

Obthobhtnohula  :  type  Orthis  Linneyi,  Nettelroth,  Hudson 
River  group,  descrihed  "  as  a  platystrophoid  orthid  and  the  closest 
link  between  the  two  groups." 

Camabotceohia,  nom.  nov.,  is  founded  on  the  Bh^chtmdla  eon- 
gregata,  Conrad,  from  the  Hamilton  group. 

I'he  type,  Puonax,  sub-genus  nov.,  is  the  CanchylioUthus  anomtte$ 
acuminatus  of  Martin,  from  the  Carboniferous  limestone.  Ctclo- 
bhina,  gen.  nov.,  type  Ehynehospira  nohilist  Hall.  Syntbophia,  gen. 
nov.,  type  Triplesia  lateralis,  Whitfield,  from  the  Calciferous  shales. 
Parastbophia,  type  Atrypa  hemiplicata,  Hall,  from  the  Hudson 
Eiver  group. 

Linne's  name  Conchidiutn  is  restricted  to  plicated  shells  of  the 
type  of  Conchidium  hil ocular e=zPentameru8  conchidiutn  of  Dalman 
from  the  Upper  Silurian  of  Gothland.  In  America  the  species 
appears  in  the  fauna  of  the  Niagara  shales.  That  of  Pentambbus, 
Sby.,  is  retained  for  smooth  species  without  a  sinus  of  the  type  of 
Pentamerus  lavis,  Babbandella,  is  proposed  for  such  Pentameroids 
as  have  the  position  of  the  median  fold  and  sinus  the  reverse  of 
those  of  Rhynchonella,  Capbllinia  is  founded  on  a  new  species 
(C,  mira)  from  the  Niagara  dolomites  of  Wisconsin  which  is 
•'  virtually  "  a  reversed  form  of  Pentamerus  ohlongus.  The  genus 
Amphigenia  is  regarded  as  a  passage  form  between  the  Pentameroids 
and  the  Terebratuloids. 

The  discussion  of  the  true  Terebratuloids  commences  with  that 
of  the  primitive  type  of  the  genus  Renssallaria,  which  also  unites 
some  Pentameroid  features  with  a  brachidium  resembling  that  of 
Centronella.  "Anything  more  simple  than  the  triangular  loop  of 
Renssallaria  would  be  only  the  discrete  processes  of  Amphigenia 
and  the  Rhynchonelloids." 

The  new  sub-genus  BEAoniA,  based  on  Renssallaria  Suessana,  Hall, 
defines  certain  minor  loop  modifications.  The  names  Oriskania, 
Selrnrlla  distinguish  other  variations  of  the  Centronelloid  loop. 
Romingebina  is  applied  to  species  of  the  R.  {Terebratula)  Rominger 
type,  having  spinulose  or  fimbriated  loop  margins.  Bayle's  name 
Triqeria  is  revived  for  the  plicated  Centronelloids  like  C,  Guerangeri, 
deVemeuil.  The  Devonian  genus  Crypionella  is  held  to  be  a  direct 
aticestor  of  Magellania.  Eunella  is  the  name  applied  to  a  variety 
with  anterior  apophyses  broader  at  the  base.  A  spinulose  Crypto- 
nelloid  loop,  distinguished  as  Hartina,  is  founded  on  Centronella 
(Harttina)  Anna,  Hartt. 

The  term  Cranana  defines  a  Devonian  variety  of  the  Dielasmoids, 
BODiewbat  intermediate  in  structure  between  Cryptonella  and  Deelasma, 
and  represented  by  T.  Romingeri,  Hall;  Cryptonella  lowensis,  Calvin, 
and  '*  probably  some  other  American  species."  The  name  of  Beecheria 
compliments  similiarly  Dr.  C.  E.  Beeoher  and  is  applied  to  a  smootk 
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variety  of  Waagen's  genus  Hemiptychina,  type  B.  Datndaoni,  sp.  nov., 
Hall,  from  the  Carboniferous  limestone  of  Nova  Sootia.  Hall's  old 
genus  Tropidoleptus,  1859,  maintains  its  position  as  a  Terebratuloid 
and  is  now  regarded  ''as  an  early  representative  of  the  important 
family  of  the  Terebratellida.^' 

The  exact  relations  and  origin  of  those  overgrown  plicated 
Centronelloids  from  Bolivia,  three  inches  and  a  half  long,  which 
were  named  Scaphioccelia  by  their  describer,  Whitfield,  remain 
obscure,  and  the  origin  of  the  gigantic  Stringocephalas  is  still  veiled 
in  mystery.  The  latter,  so  abundantly  developed  in  the  Middle 
Devonian  of  England  and  Germany,  have  been  recently  discovered 
in  the  same  horizon  by  Whiteaves  in  the  Mackenzie  River  Basin  of 
British  North  America. 

The  systematic  position  of  the  genera  Etchwaldia,  Atdaeorhynchu$ 
the  authors  leave  undetermined.  Lyttonia,  Oldhamina,  and  Rich- 
tho/enia  are  somewhat  doubtfully  regarded  as  Paleeozoio  forms  of 
the  family  Thecidida. 

Here  terminate  the  authors'  valuable  generic  discussions  upon 
the  Palsdozoio  Brachiopoda;  some  of  the  results  of  their  critical 
researches  have  been  already  tabulated  in  Mr.  Charles  Schuchert's 
"  Classification  of  the  Brachiopoda."  A  final  chapter  on  the  vexed 
question  of  the  classification  of  the  genera  is,  however,  promised  by 
Professors  Hall  and  Clarke,  to  be  issued  with  the  requisite  indices  to 
the  second  volume  and  sixty  quarto  plates  (from  xxi.  to  Ixxxiv.  in- 
clusive), thus  completing  this  great  undertaking.  Its  appearance 
is  awaited  with  interest  as  the  coping-stone  to  a  monumental  work 
which,  taken  as  a  whole,  must  be  regarded  as  the  most  suggestive 
and  important  production  of  the  century  concerning  the  general 
History  of  the  Brachiopoda.  It  forms  the  natural  outcome  and 
most  important  manifestation  of  the  value  of  the  methods  of  the 
correlations  of  Ontogeny  and  Phylogeny  *  as  practised  by  Hall, 
Clarke,  Deslongchamps,  Beecher,  and  the  (Ehlerts.  It  is  mainly 
from  the  results  obtained  by  these  combined  lines  of  research  that 
we  owe  the  enlargement  of  our  knowledge  of  the  evolution  of  the 
Brachiopoda — a  progress  too  real  and  stable  to  be  denied  by  any 
serious  student  of  the  recent  literature  of  this  group  of  organisms. 
To  this  subject  we  hope  before  long  to  revert 

Agnes  Cbanb. 

II. — Lower  Carboniferous  Crinoidea  from  the  Hall  Collection 
NOW  IN  THE  American  Museum  of  Natural  History,  with 
Illustrations  of  the  Original  Types.  By  R.  P.  Whitfield. 
"Memoirs  of  the  American  Museum  of  Natural  History," 
Vol.  I.  Part  I.     4to.  pp.  1-37,  three  Plates.     1893. 

THIS,    the   first  number  of  a  new  series   of    Memoirs   of   the 
American  Museum  of  Natural  History,  is  devoted  by  Mr.  R. 
P.  Whitfield,  Curator  of  Fossil  Invertebrata  in  the  Museum,  to  a 

^  The  most  recent  addition  to  our  knowledge  of  this  subject  was  a  contribution  by 
Dr.  C.  £.  Beecher  to  the  American  Naturalist  for  July,  1893,  entitled,  **Some 
Correlationfl  of  Ontogeny  and  Phylogeny  in  the  Brachiopooiu*' 
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republication  of  Prof.  Hall's  descriptions  and  diagrams  of  the 
Lower  Carboniferous  Crinoidea  with  additional  comments  thereon 
and  three  fine  plates  of  the  type  specimens,  some  of  which  are  now 
illustrated  for  the  first  time.  The  text,  intercalated  by  numerous 
cuts,  treats  of  the  Platycrinida,  Actinocriuidat  Cyaihocrinida,  and 
a  blastoid  {Orphoerinus  Whitei)  from  the  Burlington  Limestone  of 
Iowa,  Missouri,  and  Illinois  and  the  Keokuk  Limestone  of  Iowa. 
Mr.  Whitfield  follows  Messrs.  Wachsmuth  and  Springer*s  **  Bevision 
of  the  Palaocrinida  "  in  generic  nomenclature,  but  takes  the  oppor- 
tunity to  rectify  some  misapprehensions  in  regard  to  certain  types 
chiefly  arising  from  the  fact  that  Prof.  Hall's  original  descriptions, 
published,  it  should  be  remembered,,  thirty-four  years  ago,  were 
not  always  accompanied  by  figures  of  the  specimens.  Some  of  his 
species  have  consequently  been  merged  in  genera  and  species  of 
later  authors.  This  publication  is,  therefore,  somewhat  of  a  re- 
clamation of  types,  and  will  be  followed  by  others  of  a  similar 
nature  giving  descriptions  and  full  illustrations  from  the  magnificent 
series  of  invertebrate  types  in  the  Hall  collection  exhibited  in  the 
well-lighted  galleries  of  the  American  Museum  of  Natural  History 
of  New  York  City.  A.  C. 


III. — The  Mean  Density  of  the  Earth.  An  Essay  to  which 
THE  Adams  Prize  was  adjudged  in  1893  in  the  University 
OF  Cambridge.  By  Prof.  J.  H.  Poyntino,  D.Sc,  F.R.S. 
Pp.  i.— xix.  1-156,  7  plates.     (London,  1894.) 

THE  subject  for  the  Adams  Prize  in  1893  was  "The  methods  of 
determining  the  absolute  and  relative  value  of  gravitation  and 
the  mean  density  of  the  earth,''  and  the  essay  which  gained  the 
prize  is  here  published  in  accordance  with  the  conditions  of  the 
award.  Several  additions  have,  however,  been  made  since  it  was 
first  written.  A  bibliography  containing  the  titles  and  summaries 
of  45  memoirs  has  been  prefixed.  Part  I.,  which  is  an  account 
of  all  the  experiments  so  far  made,  has  been  slightly  enlarged. 
Part  II.  is  unaltered,  and  is  simply  a  reprint  of  the  author's 
memoir  communicated  to  the  Royal  Society  in  1891,  in  which  he 
describes  his  own  determination  made  by  means  of  the  common 
balance. 

In  the  historical  discussion  the  geologist  will  find  much  to  interest 
him.  The  accounts  are  full  but  concise,  and  in  each  case  end  with 
criticisms,  which  derive  much  of  their  value  from  being  so  often  the 
results  of  the  author's  own  experience.  The  experiments  naturally 
fall  into  two  classes:  (1)  those  in  which  the  attracting  mass  is  a 
portion  of  the  earth's  crust ;  and  (2)  those  which  are  carried  on  in 
the  laboratory,  the  attracting  mass  being  small,  easily  handled,  and 
of  more  uniform  density.  With  regard  to  the  first  class  of  experi- 
ments, the  author  concludes  that  **  our  knowledge  of  the  distribution 
of  the  terrestrial  matter  is  not  yet  sufficiently  exact  to  enable  us  to 
obtain  good  values  of  the  mean  density  of  the  earth  from  the 
observed  attraction  of  terrestrial  masses.    Bather  must  we  assume 
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the  mean  density  from  laboratory  experiments,  and  nse  the  obser- 
vations of  terrestrial  attractions  for  the  converse  problem  of  deter- 
mining the  distribution  of  terrestrial  mass."  The  whole  part  abounds 
with  passages  such  as  this,  which,  condensed  as  sentences  from  Bacon's 
Essays,  might  form  chapter  headings  for  many  a  work  to  come.  It 
closes  with  the  following  <' summary  of  results  hitherto  obtained  : " — 


Approxi- 
mate Date. 

Experimenter. 

Method. 

Beenlt. 

1737-40 

1774-76 

1855 

1821 

1880 

1854 

1883 

1885 

1797-8 

1837 

1840-1 

1852 

1870- 

1889 

1879-80 

1878-90 

1884- 

1886-8 
1889 

Bonder 

Maskeljne  and  Hntton 

J  ames  and  Clarke 

Carlini 

Mendenhall 

A.lx  ¥             ...         ..•        •■•        ... 

Ton  stemeck 

Ton  Stemeck 

Cavendish     

Reich    

•DlUx  Y         •••        •••        ••*        ••• 

JKOlCu       •*•       •••       ■•■       ••■ 

Comn  and  Bailie 

.DU  V  o           ••*        *•*        •••        ••• 

Ton  Jolly      

Poynting      

Ednig,  Kicharz  and 

Erigar  Menzel     

Uilsing 

LiSalUL      ...       •..       ...       ... 

Plnmb-line  and  Pendolnm 
Plnmb-Une       

»» 
Mountain  Pendulum 

tt 
Mine  Pendulum       

»* 
»» 
Torsion  Balance       

tt 
It 
It 
»» 
»t 
Common  Balance     

11 

tt 
Pendulum  Balance 

IncondusiTe 

4*5  too 

5*316 

4*39  to  4*95 

5*77 

6*565 

5*77 

about  7 

5*448 

5*49 

5*674 

5*583 

5-56-5-50 

in  progress 

5*692 

5*493 

m  progiess 

5-679 

in  progress 

With  Part  II.  begins  the  more  strictly  original  half  of  the 
essay,  *'A  determination  of  the  mean  density  of  the  earth  and 
the  gravitation  constant  by  means  of  the  common  balance." 

The  principle  of  the  method  is  as  follows :  Two  equal  masses 
A  and  B,  are  suspended  one  from  each  end  of  the  beam  of  a 
very  delicate  balance.  A  large  sphere  M  is  brought  first  under 
the  mass  A,  and  then  under  the  mass  B.  Its  attraction  being 
removed  from  A  and  added  to  B,  it  follows  that  the  beam  turns 
through  nearly  double  the  angle  due  simply  to  the  attraction 
of  M  on  one  mass  alone.  Of  course  when  M  is  under  A  it  will  at 
the  same  time  attract  B,  and  when  under  B  it  will  attract  A,  and 
these  cross-attractions  must  be  taken  into  account.  So  also  would 
the  attraction  of  M  on  the  balance-beam  and  suspending-wires  have 
to  be  allowed  for ;  but  this  operation  (most  difficult  on  account  of 
their  irregular  shape)  is  avoided  by  repeating  the  experiment  after 
raising  the  masses  A  and  B  through  known  equal  distances,  without 
altering  the  length  or  form  of  the  suspending  wires.  It  is  evident 
that  the  attraction  of  M  on  the  beam  and  wires  is  the  same  in  both 
experiments,  and  the  change  in  the  attraction  is  therefore  due  only 
to  the  change  in  the  distances  of  A  and  B  from  M.  From  this 
change  in  attraction,  the  attraction  at  any  distance  can  be  found. 

The  balance,  whose  beam  is  a  little  over  4  feet  long,  was  erected 
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in  a  cellar  at  the  Mason  College,  Birmingham,  its  foundation  having 
no  connection  with  the  hrick  floor  of  the  cellar.  The  turn-tahle, 
on  which  the  attracting  mass  M  rests,  has  also  an  isolated  foundation 
separate  from  the  former.  The  masses  A  and  B  each  weigh  about 
47^  lbs.  and  the  mass  iff  about  338  lbs.,  all  three  being  composed  of 
an  alloy  of  lead  and  antimony  of  specific  gravity  10*4.  The  distance 
between  the  centres  of  M  and  ii  or  B  is  about  12^  inches  in  the 
lower  position  of  the  latter,  and  about  24^  inches  in  their  higher 
position. 

To  magnify  the  tilting  of  the  balance,  a  double- suspension  mirror 
was  used,  similar  to  that  employed  by  Messrs.  G.  H.  and  H.  Darwin 
in  their  experiments  on  the  lunar  disturbance  of  gravity.  The 
mirror  is  suspended  by  two  eye-holes  on  a  fine  silk  thread,  one  end 
of  which  is  attached  to  a  small  bracket  projecting  from  the  lower 
end  of  the  pointer  of  the  balance,  the  other  to  a  fixed  bracket  close 
to  the  former,  so  that  the  plane  of  the  mirror  is  perpendicular  to 
that  of  the  balance.  The  distance  between  the  points  of  support 
of  the  silk  thread  being -^V  of  an  inch,  and  the  length  of  the  balance- 
pointer  2  feet,  it  follows  that  the  mirror  turns  through  an  angle 
150  times  as  great  as  the  balance-beam. 

In  the  room  over  the  cellar  and  close  to  a  hole  in  the  floor  are 
the  telescope,  provided  with  cross- wires,  and  a  scale  illuminated  by 
a  lamp.  The  light  from  the  scale  is  reflected  by  an  inclined  mirror 
in  the  cellar  so  as  to  meet  the  double-suspension  mirror  horizontally, 
is  reflected  by  it  and  by  the  inclined  mirror  again,  and  returns  to 
the  telescope.  If  the  balance-beam  turns  through  a  very  small 
angle,  the  image  of  the  scale  seen  in  the  telescope  is  shifted  over 
the  cross-wires.  Two  small  riders,  each  weighing  one  centigramme, 
are  arranged  so  that  their  points  of  support  are  on  the  balance-beam 
at  a  distance  of  one  inch  on  either  side  of  the  knife-edge.  One 
being  raised  from  the  beam,  the  other  is  lowered  on  to  it,  and  the 
number  of  divisions  of  the  scale  corresponding  to  the  deflection  of 
the  beam  so  produced  is  compared  with  the  number  of  divisions 
corresponding  to  the  deflection  produced  by  the  attraction  of  M 
being  taken  away  from  A  and  added  to  B.  This  ratio  gives  the 
increase  in  the  weight  of  il  or  B  due  to  the  attraction  of  M  when 
vertically  below  it. 

It  will  be  unnecessary  here  to  enter  further  into  the  details  of 
the  experiment,  or  to  describe  the  numerous  precautions  taken  to 
ensure  accuracy.  The  chief  disadvantage  of  the  method  is  that 
"the  disturbances  due  to  air-currents  are  greatest  in  the  vertical 
direction,  that  of  the  displacement  to  be  measured,"  and  the  larger 
the  apparatus  the  greater  are  the  errors  produced  by  them.  If  the 
experiment  were  to  be  repeated,  the  author  would  make  the  apparatus 
small,  for  it  could  then  be  kept  at  a  more  uniform  temperature  and 
it  would  be  more  handy  to  adjust.  '*At  the  same  time,'*  he  c-on- 
cludes  in  his  characteristic  manner,  **  it  is  only  fair  to  say,  on  behalf 
of  the  large  apparatus,  that  some  errors  have  been  magnified  on  a 
like  scale  till  they  have  become  observable,  and  so  could  be  inves- 
tigated and  eliminated.     Starting  with  a  small  apparatus  they  would 
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probably  never  have  been   detected,   and  would,   therefore,   have 
appeared  in  the  final  result" 

The  value  obtained  for  the  mean  density  of  the  earth  is  5*4934, 
and  will  now  no  doubt  take  its  place  as  the  standard  value.  Sooner 
or  later,  perhaps,  unsuspected  sources  of  error  may  be  pointed  out, 
methods  of  greater  refinement  may  be  discovered,  and  the  result 
just  quoted  may  be  superseded  by  others  more  reliable.  For  the 
present,  one  more  **  magnificent  experimenter  "  has  given  the  thought 
of  years  to  a  problem  that  lies  just  within  our  grasp,  and  we  may 
well  rest  content  with  a  work  which  is  one  of  the  best  examples  we 
have  of  the  fine  patience  that  ennobles  science. 

C.  Davison. 


IV. — The  Seismologioal  Journal  of  Japan,  Vol.  11.  1893  (corre- 
sponding to  vol.  xviii.  of  the  Transactions  of  the  Seismologioal 
Society  of  Japan) :   Edited  by  Prof.  J.  Milne,  F.R.S. 

(1)  J.  Conder.    An  architect's  notes  on  the  great  earthquake  of  October,  1891 : 

pp.  1-91. 

(2)  J.  Milne.     Abstract  of  a  report  [on  the  earthquakes  and  Tolcanic  phenomena  of 

Japan]  to  the  British  Association:  pp.  93-109. 

(3)  £.  Ton  Kebeur-Paschwitz.     On  the  observations  of  earthquake-waves  at  great 

distances  from  the  origin,  with  special  relation  to  the  great  earthquake  of 
Kumamoto,  July  28th,  1889:   pp.  111-114. 

S4)  P.  Mayet.     On  the  five  mile  water-level:  pp.  116-117. 
5)  F.  Omori.     On  the  overturning  of  columns :   pp.  119-122. 

The  first  and  last  papers  of  this  invaluable  Journal  are  chiefly 
interesting  to  architects  in  earthquake  countries.  Prof.  Milne  gives 
an  abstract  of  his  last  report  to  the  British  Association,  the  full  text 
of  whioh  will  probably  be  published  and  readily  accessible  before 
this  notice  appears.  Dr.  Mayet  advocates  the  construction  of  the 
long  water-level  suggested  by  Prof.  Milne  in  the  first  volume  of  the 
Journal,  but  the  latter  adds  a  note  in  which  he  prefers  the  erection 
of  horizontal  pendulums  at  what  would  be  the  terminal  stations  of 
the  level. 

In  a  short  paper  Dr.  von  Kebeur-Paschwitz  introduces  a  subject 
of  great  importance.  The  severe  earthquake  of  Kumamoto  (Japan) 
occurred  on  July  28,  1889,  at  11.40  p.m.,  Tokio  time,  or  2h.  20-9m., 
Greenwich  time.  At  about  228  p.m.  (q.m.t.)  horizontal  pendulums 
at  Potsdam  and  Wilhelrashaven,  in  Germany,  showed  perturbations 
of  moderate  size  and  duration,  and  others,  again,  somewhat  similar 
in  character,  at  6*6  p.m.  Supposing  the  disturbance  to  have  spread 
out  from  Kumamoto  and  travelled  in  opposite  directions  round  a 
great  circle  of  the  earth  to  a  point  midway  between  Potsdam  and 
Wi  I  helm  shaven  in  the  times  recorded,  the  average  velocities  in 
the  two  directions  must  have  been  2*2  and  2*3  kilometres  per 
second  respectively.  The  hypothesis  thus  agrees  with  the  observed 
phenomena,  but  **  we  will  have  to  depend  on  future  observations  to 
remove  the  last  doubt  about  the  possibility  of  earthquake  movement 
being  observable  at  enormous  distances." — C.  D. 
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V. — Proobkoinos  of  the  Cottbswold  Naturalists*  Field  Club 
FOR  1892-1893.     Vol.  XL  Part  I.     1893. 

THIS  Part  contains  the  address  of  the  retiring  president,  Mr. 
W.  C.  Lucy,  who  gives  an  account  of  the  work  of  the  session, 
and  of  the  excursions  made  to  Woolhope,  Bath,  Cleeve  Hill,  and 
Newent.  He  refers  in  particular  to  the  Drifts  of  the  Cotteswold  area, 
and  also  gives  a  section  of  the  Coalfield  near  Newent 

Tliere  is,  in  addition,  an  elaborate  paper  by  Mr.  Etheridge  **  On 
the  Rivers  of  the  Cotteswold  Hills  within  the  Watershed  of  the 
Thames  and  their  importance  as  supply  to  the  main  river  and  the 
Metropolis."  This  paper  gives  in  detail  much  of  the  information 
brought  before  the  late  Royal  Commission  on  Water  Supply  by 
Mr.  Etheridge. 

VI. — Handbook   to   the   Collection  of  British    Pottery  and 

Porcelain    in    the    Museum    of   Practical   Geology.  Svo. 

pp.   178,    with   132   Illustrations.     London:    Printed  for  Her 
Majesty's  Stationery  Office.     Price  Is. 

ANEW  edition  of  the  Catalogue  of  the  Pottery  and  Porcelain 
in  the  Jermyn  Street  Museum  has  long  been  wanted.  The 
Third  Edition,  by  Trenham  Reeks  and  F.  W.  Rudler,  was  published 
in  1876.  The  present  work,  which  has  been  prepared  by  Mr. 
Rudler,  is  arranged  so  as  to  form  a  Handbook  rather  than  a  Cata- 
lopie.  Thus  the  matter  is  arranged  throughout  in  a  readable  form, 
with  references  only  to  particular  specimens,  instead  of  containing 
descriptions  of  all  the  objects  on  exhibition.  The  work  is  brought 
up  to  date  by  additional  information,  and  thus  forms  an  authoritative 
guide  to  the  student. 
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I.— February  7th,  1894— W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair.     The  following  communications  were  read  : 

1.  "  On  some  cases  of  the  Conversion  of  Compact  Greenstones 
into  Schists."     By  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S.,  F.G.S. 

By  the  path  leading  from  the  Bernina  Hospice  to  the  Griim  Alp 
(Engadine)  some  masses  of  compact  green  schist  are  seen,  inter- 
calated in  a  rather  crushed  gneiss.  They  prove  to  be  intrusive 
dykes  modified  by  pressure.  Microscopic  examination  of  specimens 
from  these  reveals  no  trace  of  any  definite  structure  indicating  an 
igneous  rock  ;  a  slice,  cut  from  one  of  the  masses  within  an  inch  or 
80  of  a  junction,  shows  it  to  be  a  foliated  mass  of  minute  chlorite  or 
hydrous  biotite,  with  granules  of  epidote  (or  possibly  some  spheue) 
and  of  a  water-clear  mineral,  perhaps  a  secondary  felspar.  An 
actual  junction  shows  a  less  distinct  foliation  and  some  approach  to 
a  streaky  structure.  A  slide  from  the  middle  of  another  dyke 
(about  18  inches  thick)  exhibits  a  more  coarsely  foliated  structure 
and  minerals  generally  similar  to  the  last,  except  that  it  may  contaia 
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a  little  actinolite  and  granules  of  heematite  (?),  and  the  clear  mineral, 
in  some  cases,  seems  to  be  quartz.  The  structure  and  most  of  the 
minerals  appear  to  be  secondary.  Chemical  analysis  shows  the  rock 
to  have  been  an  andesite.  A  specimen  from  a  third  dyke  is  generally 
similar,  but  is  rather  less  distinctly  foliated. 

A  somewhat  similar,  but  rather  larger  intrusive,  mass  by  the  side 
of  the  Lago  Bianco  shows  more  actinolite  and  signs  of  primary 
felspar,  with  other  minerals.  Here  the  rock  retains  some  likeness 
to  a  diabase.  The  resemblance  of  certain  of  these  rocks  to  some- 
what altered  sediments  is  remarkable.  The  author  considers  the 
bearing  of  this  evidence  upon  other  and  larger  masses  of  "green 
schist"  which  occur  in  the  Alps,  and  expresses  the  opinion  that 
their  present  mineral  structure  may  be  the  result  of  great  pressure 
acting  on  more  or  less  basic  igneous  rocks. 

2.  "The  Waldensian  Gneisses  and  their  Place  in  the  Gottian 
Sequence."     By  J.  Walter  Gregory,  D.Sc,  F.G.S. 

The  lower  part  of  the  sequence  of  the  Gottian  Alps  has  been 
universally  divided  into  three  series,  of  which  the  lowest  has  been 
regarded  as  a  fundamental  (basal)  Laurentian  gneiss.  It  is  the 
object  of  the  present  paper  to  show  that  this  rock  is  really  intrusive 
in  character  and  Upper  Tertiary  in  age.  The  writer  endeavours  to 
show  this  by  the  following  line  of  argument: — (1)  The  gneiss  con- 
sists of  only  isolated  outcrops  instead  of  a  continuous  band,  and  these 
occur  at  different  positions  and  not  always  at  the  base  of  the  schist 
series ;  (2)  the  gneiss  is  intrusive,  because :  (a)  it  includes  fragments 
of  the  overlying  series  instead  of  vice  versd,  (6)  it  sends  off  clykes  of 
aplite  into  the  surrounding  schists,  (c)  it  metamorphoses  the  rocks 
with  which  it  is  in  contact,  and  {d)  the  schists  are  contorted  near 
the  junction ;  (3)  the  gneisses  are  further  shown  to  be  later  than 
the  igneous  rocks  intrusive  into  the  "pietre  verdi*'  series,  as  these 
never  traverse  the  gneiss. 

No  positive  opinion  as  to  the  age  of  the  overlying  schists  is 
expressed  in  the  paper,  though  it  is  pointed  out  that  the  recent  dis- 
covery of  radiolarian  muds  in  the  series  may  necessitate  their 
inclusion  in  the  Upper  Palasozoia  The  freshness  of  the  gneisses, 
the  fact  that  these  have  not  been  affected  by  the  early  Tertiary 
earth-movements,  and  the  absence  of  authentic  specimens  of  the 
gneiss  in  the  Cretaceous,  Eocene,  and  Miocene  conglomerate,  renders 
their  late  Tertiary  age  highly  probable. 

The  nature  of  the  contact-metamorphism  and  the  origin  of  the 
gneissic  structure  are  discussed,  and  a  classification  offered  of  the 
earth-movements  in  the  Cottian  Alps. 

II. — Annual  General  Meeting. — February  16th,  1894. — W.  H. 
Hudlestone,  Esq.,  M.A.,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1893.  In  the  former  the 
Council  congratulated  the  Fellows  on  the  prosperous  condition  of 
the  Society's  finances,  drawing  at  the  same  time  attention  to  the 
continued  decrease  in  the  number  of  Fellows. 
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The  number  of  Fellows  elected  during  the  year  was  42  ;  of  these 
33  qualified  before  the  end  of  1893,  making,  with  6  previously 
elected  Fellows,  a  total  accession  of  39  in  the  course  of  the  twelve- 
month. During  the  same  period  the  losses  by  death,  resignation, 
and  removal  amounted  to  85,  the  actual  decrease  in  the  number  of 
Contributing  Fellows  being  24.  The  total  number  of  Fellows, 
Foreign  Members,  and  Foreign  Correspondents  at  the  close  of  1893 
was  1353,  as  compared  with  1400  on  December  31st,  1892,  and  1418 
oa  December  31st,  1891. 

The  Balance-sheet  for  the  year  1893  showed  receipts  to  the  amount 
of  £2750  18«.  lOd.  and  an  expenditure  of  £2204  17«.  6d.  Moreover, 
the  sum  of  £502  15«.  3d.  was  expended  in  the  Purchase  of  Stock, 
and  the  balance  in  favour  of  the  Society  on  December  3l8t,  1893, 
amounted  to  £371  5«.  lid.  The  invested  Funds  of  the  Society  have 
now  reached  the  sum  of  £10«729  11«.,  and  the  Council  st^te  that  they 
feel  the  time  has  now  arrived  when  the  question  of  safeguarding  by 
mvestment  the  interests  of  Compounders  may  be  re-opened. 

The  Report  of  the  Council  further  referred  to  the  completion  of 
vol.  xlix.  of  the  Quarterly  Journal,  and  in  conclusion  announced  the 
awards  of  various  Medals  and  proceeds  of  Donation  Funds  in  the 
gift  of  the  Society. 

The  Report  of  the  Library  and  Museum  Committee  enumerated 
the  additions  made  during  the  past  year  to  the  Society's  Library, 
announced  the  completion  of  several  sets  of  serials  formerly 
imperfect,  and  referred  especially  to  the  large  accession  of  British 
Geological  Survey  maps  and  memoirs.  The  Report  further  recorded 
the  continuation  of  the  work  of  registering  the  type  and  other 
specimens  in  the  Museum  by  Mr.  C.  Davies  Sherborn,  F.G.S. 

In  handing  the  Wollaston  Medal  (awarded  to  Geheimrath  Professor 
Karl  Alfred  von  Zittel,  For.Memb.G.S.)  to  Dr.  Woodward,  F.R.S., 
for  transmission  to  the  recipient,  the  President  addressed  him  as 
follows  : — Dr.  Woodward, — 

The  Comicil  of  the  Geolorical  Society  have  this  year  awarded  the  Wollaston 
Medal  to  Geheimrath  Dr.  Ean  Alfred  von  Zittel,  Professor  of  Geology  and  Palaeon- 
tology in  the  University  of  Munich,  in  recognition  of  the  important  services  which 
he  ha:3  rendered  to  palaeontological  science  during  a  long  period  of  time.  Without 
alluding  in  detail  to  his  early  work  on  Austrian  geology,  much  of  which  was 
published  at  Vienna,  I  wish  to  point  out  that,  as  Oppel's  successor  at  Munich,  he 
bus  continued  to  advance  our  knowledge  of  the  Mesozoic  fauna  of  Central  Europe, 
and  more  especially  of  the  interesting  passage- beds  betwixt  the  Jurassic  and  the 
Cretaceous ;  whilst  the  memoirs  which  he  has  published  on  these  subjects  derive 
additional  value  from  their  excellent  illustrations. 

Twenty  years  have  now  elapsed  since  E.  A.  von  Eittel  joined  the  expedition  of 
Gerhard  Rohlfs  to  the  Lybian  Desert,  and  his  contributions  to  the  geology  of  that 
region  are  probably  the  most  important  that  have  as  yet  appeared  in  relation  to 
£s()'pt  and  the  adjacent  countries.  It  was  on  his  return  from  this  expedition  that 
he  commenced  his  m»gnum  opus^  *  The  Handbook  of  Palaeontology,'  the  first  part  of 
which  was  published  in  1876  and  the  last  part,  relating  to  the  Mammalia,  in  1893, 
thus  occupying  an  interval  of  1 7  years'  continuous  labour.  If  proof  were  needed  of 
the  thoroughness  of  his  work,  we  obtain  it  in  his  treatment  of  the  fossil  sponges, 
which  he  found  in  so  chaotic  a  state  that  he  applied  himself  to  working  out  their 
relations  independently,  and,  having  discovered  the  key  in  the  microscopic  structure 
ot  their  skeletons,  was  thus  enabled  to  establish  a  system  of  classification  which  has 
been  found  equally  applicable  to  recent  forms. 
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It  is  scarcely  necessary  to  remind  yon  that  onr  Wollaston  Medallist  has  occupied 
the  Chair  of  raleeontolo^  at  Munich  for  28  years,  during  which  time  he  has  not 
only  perfected  the  collections  at  the  museum,  but  his  personal  teaching  has  attracted 
to  his  lectures  students  from  almost  all  parts  of  the  civilized  world.  I  feel  confident, 
therefore,  that  the  selection  of  the  Council  will  he  cordially  endorsed  hoth  hy  the 
Fellows  of  our  own  Society  and  hy  all,  whether  at  home  or  abroad,  who  are 
interested  in  the  brilliant  record  of  one  of  the  foremost  palseontologistB  of  the  age. 

Dr.  Woodward,  in  reply,  said  : — Mr.  President, — 

I  feel  sure  that  no  award  of  the  Wollaston  Medal  made  by  the  Council  of  this 
Society  has  ever  been  more  popular  than  that  made  to  Geheimrath  E.  A.  Ton  Zittel, 
and  I  only  regret  that  his  duties  as  Dean  of  the  Faculty  in  his  UniveiBity,  and 
his  daily  lectures,  have  prevented  him  from  being  present  to  receive  the  Medal  in 
person.  I  shall,  however,  be  happy  to  convey  to  him  yonr  kind  expressions  of 
appreciation  for  this  work ;  and  I  Deg  permission  to  read  to  you,  from  a  letter  which 
I  have  received,  the  following  message  addressed  to  yourself :  — 

**  With  respectful  thanks  I  acknowledge  the  unexpected  honour  with  which  the 
Council  of  the  Geological  Society  has  favoured  me,  in  awarding  to  me  the  Wollaston 
Medal.  I  need  scarcely  say  how  highly  I  appreciate  this  distinction,  conferred  upon 
me  by  the  most  competent  of  scientific  juries.  I  am  really  proud  to  have  reacned 
this  highest  aim  for  the  ambition  of  every  geologist,  and  I  feel  particularly  pleased 
to  find  among  the  late  and  present  possessors  of  the  Wollaston  Medal  the  name  of 
H.  G.  Bronn,  my  first  teacher  in  paleontology,  and  of  Franz  von  Hauer,  who 
directed  my  first  steps  in  geological  field  observation. 

*Mf,  through  conscientious  labour,  I  have  been  fortunate  enough  to  contribute 
somewhat  to  the  promotion  of  our  knowledge  of  Paleontology  and  Geology,  I  feel 
by  your  kindly  recognition  amply  rewarded  for  all  the  pains  wat  I  may  have  taken 
in  my  scientino  researches. 

*'  1  deeply  regret  that  I  am  unable  to  thank  you  personally,  Mr.  President;  but 
you  may  be  sure  that  the  honour  you  have  bestowed  on  me  will  be  a  strong  incentive 
to  make  myself  more  worthy  of  your  confidence  by  further  investigations  in  the  wide 
field  of  Paleontology  and  Geology." 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 

Wollaston  Donation  Fund   to  Mr.  Aubrey  Strahan,    M.A.,  F.G.S., 

addressing  him  in  the  following  words : — Mr.  Strahan, — 

The  Council  have  this  year  awarded  to  you  the  balance  of  the  Proceeds  of  the 
Wollaston  Donation  Funi,  in  token  of  appreciation  of  your  geological  work  in 
several  parts  of  England  and  on  the  Welsh  Border.  In  solid  geology  you  have 
especially  distinguished  yourself  amongst  the  Carboniferous  roclu  of  toe  Pennine 
Chain  and  of  North  Wales,  whilst  your  contributions  to  our  own  Journal,  on  more 
than  one  subject  in  connection  with  the  Mesozoic  rocks,  have  evinced  the  interest 
that  you  take  in  Questions  arising  within  your  own  professional  experience.  The 
Glacial  Drifts  of  uie  Welsh  Border  and  the  Glaciation  of  South  Lancashire  have 
also  come  under  your  notice  in  dealing  with  the  difficult  subject  of  Superficial 
Deposits.  Beyond  any  mere  assistance  which  the  Balance  of  the  Fund  might 
render  towards'  further  research,  the  Council,  by  this  Award,  desire  to  express  their 
sense  of  the  value  of  the  work  which  you  have  already  accomplished. 

Mr.  Strahan  replied  as  follows: — Mr.  President, — 

In  thanking  you  and  the  Council  of  the  Geological  Society  for  this  Award,  I 
wish  to  express  my  deep  gratification  at  beins:  honoured  by  your  selection. 

During  my  connection  with  the  Geological  Survey  I  have,  from  the  nature  of  the 
work,  been  engaged  in  sD  many  different  parts  or  the  country  that  1  have  been 
unable  to  concentrate  my  attention  on  any  one  formation  as  closely  as  might  have 
been  the  case,  and  have  been  led  to  consider  some  of  the  wider  problems  of  geology. 
I  trust,  however,  that  my  work  has  not  been  without  service  to  those  engaged  upon 
the  more  minute  zonal  divisions  of  strata. 

In  every  district  in  which  I  have  been  occupied,  geologists  with  local  knowledge 

have  generously  placed  their  observations  at  ray  disposal.    The  only  return  I  could 

make  lay  in  producing  the  results  of  my  work  as  expeditiously  and  in  as  useful  a 

form  as  possible,    I  take  this  Award  as  an  indication  that  I  have  not  been  wholly 

unsucceasful. 
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In  presenting  the  Murohison  Medal  to  Mr.  William  Talbot  Aveline, 
F.G.S.,  the  Pkbsident  addressed  him  as  follows : — Mr.  Aveline, — 

The  Council  have  this  year  awarded  to  you  the  Murchison  Medal,  together  with  a 
sum  of  Ten  Guineas,  in  recognition  of  the  importance  of  your  work  as  a  geological 
surveyor.  Nearly  half  a  century  has  elapsed  since  your  first  communication  to  this 
Society,  in  conjunction  with  tiie  late  Sir  Andrew  Ramsay,  on  the  structure  of 
portions  of  Wales.  Later  on,  we  find  you  engaged  in  mapping  and  describing  some 
of  the  Mesozoic  Rocks  of  Central  England,  and  it  is  now  rather  more  than  thirty 
years  since  you  commenced  your  work  on  the  Permian  and  Carboniferous  of 
Nottinghamshire  and  Derbyshire.  Still  more  recently  you  were  engai^ed,  as  district 
surveyor,  on  the  borders  of  the  Lake  Country,  being  associated  witn  Prof.  Hughes, 
Mr.  TiddeniHn,  and  other  well-known  geologists.  That  your  supervision  of  the  work 
tben  progressing  has  yielded  excellent  results  in  relation  to  the  sunrey  of  that  difficult 
region  in  a  matter  of  notoriety. 

Although  it  is  some  time  since  you  retired  from  active  employment  I  feel  sure  that 
you  will  be  gratified  to  find  that  the  record  of  former  years  is  not  overlooked  by  a 
pneration  of  geologists  who  recognize  the  value  of  the  work  in  which  you  had  so 
large  a  share. 

Mr.  AvELiNB,  in  reply,  said : — Mr.  President, — 

It  is  with  feelings  of  great  gratification  I  receive  this  Medal,  founded  by  my 
former  chief.  Sir  Roderick  Murchison,  whose  friendship  and  kindness  I  experienced 
during  the  time  he  was  Director- General  of  the  Geological  Survey,  and  in  whose 
company  I  made  some  very  pleasant  geological  explorations. 

1  am  very  much  pleasfd  to  think  that  my  work  on  the  Geological  Survey  has  been 
appreciated  by  the  Council  of  this  Society,  and  that  they  should  have  thought  me 
worthy  of  receiving  this  Medal. 

Mr.  President,  1  cannot  let  this  opportunity  pass  without  saying  a  word  as  to 
another  Director- General  of  the  Geological  Survey,  the  distinguished  successor  of 
Sir  Roderick  Murchiscm  -  Sir  Andrew  Ramsay,  who  for  over  forty  years  was  a 
sincere  friend  of  mine,  and  to  whom  I  owe  so  much  for  his  ready  assistance  and 
advice  when  he  was  Director  of  the  Geological  Survey ;  we  have  together  worked 
out  many  a  knotty  point  in  the  geology  of  Wales  and  elsewhere,  tramping  together 
many  a  mile  of  mountain  and  valley.  I  am  sure,  if  he  were  living  now,  he  would 
have  rejoiced  at  the  honour  this  day  conferred  on  rae. 

1  must  add  that  among  the  most  pleasing  results  of  receiving  this  Medal  are  the 
kind  congratulations  which  I  have  received  from  my  old  colleagues. 

The  President  then  handed  the  Balance  of  the  Proceeds  of  the 
Murchison  Geological  Fund  to  Mr.  George  Barrow,  F.G.S.,  addressing 
him  as  follows  : — Mr.  Barrow, — 

The  Balance  of  the  Proceeds  of  the  Murchison  Geological  Fund  has  been  awarded 
to  you  by  the  Council  as  a  testimony  of  the  value  of  your  geological  work  both  in 
Yorkshire  and  in  Scotland.  As  regards  the  former  district,  1  would  draw  especial 
attention  to  your  description  of  the  geology  of  North  Cleveland.  Since  your  tran!»fer 
U>  the  Survey  of  the  South -East  Highlfinds  you  have  evinced  a  remarkable  aptitude 
lor  petrological  studies,  whilst  your  recent  paper  in  the  "Quarterly  Journar'  on 
the  Muscovite-biotite-Gniess  of  Glen  Clova  bids  fair  to  rank  high  in  that  category. 
The  Council  hope  that  this  mark  of  appreciation  may  not  only  aid  but  encourage 
you  to  further  research  in  the  same  direction. 

Mr.  Barrow  replied  in  the  following  words : — Mr.  President, — 

I  beg  to  thank  the  Council  for  the  unexpected  honcmr  that  they  have  done  mo  in 
conferring  this  Award.  In  receiving  it  at  your  hands.  Sir,  pleasant  memories  are 
revived  of  my  early  geological  days  in  East  Yorkshire,  when  your  writings  were  of 
much  assist^mce  to  me.  In  those  happy  times  we  had  no  difficulty  in  deciding 
which  wny  up  the  succession  lay.  But  now,  in  working  on  the  Highland  Series  it  is 
often  difficult,  if  not  impossible,  to  decide  this  very  elementary  point,  and  any  kindly 
encouragement  in  such  work  is  most  welcome.  It  is  the  more  welcome  as  in  this 
case  it  is  a  recognition  that  my  efforts  so  far  are  not  entirely  without  value. 

In   handing  the   Lyell    Medal    (awarded   to   Prof.  John   Milne, 
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F.R.S.)  to  Prof.  J.  W.  Judd,  F.R.8.,  V.P.G.S.,  for  transmission  to 
the  recipient,  the  President  addressed  him  as  follows : — Professor 
Judd, — 

The  Lyell  Medal,  with  the  sum  of  Forty- Six  Pounds,  has  been  awarded  to  Prof. 
John  Milne,  F.R.S.,  of  the  Imperial  College  of  Engineering,  Tokio,  Japan,  in 
testimony  of  appreciation  of  his  inyestigatiuns  in  Seismology.  It  most  ev^er  be 
regarded  as  a  fortunate  event,  in  the  interests  of  science,  when  Prof.  Milne  went  to 
reside  in  Japan.  Undoubtedly  his  opportunities  in  that  oscillating  r^on  haye  been 
great,  but  he  has  been  fully  equal  to  tne  occasion,  and  may  with  lustice  be  regarded 
as  the  founder  of  seismic  science  in  that  country.  His  efforts  in  tnis  direction  are  in 
part  recorded  in  the  annual  yolumes  of  the  Seismological  Society  of  Japan,  to  which 
he  has  always  been  one  of  the  most  important  contributors.  Stimulated  no  doubt 
by  this  good  example,  the  Government  of  Japan  has  taken  up  the  study  of  earth- 
quakes oy  establishing  some  700  stations  for  observations,  so  that,  to  use  Prof. 
Milne's  own  words,  "  phenomena,  which  were  formerly  matters  of  hypothesis,  are 
now  no  longer  unexplamed.** 

It  is  indeed  the  eminently  practical  turn  given  by  Prof.  Milne  to  the  study  of 
earthquakes  which  commends  nis  work  so  effectually  to  geologists ;  and  ever  since 
his  seismic  experiments,  in  conjunction  with  Mr.  Gray,  and  the  reports  published 
by  the  British  Association  on  the  investigation  of  the  Earthquake  Phenomena  of 
Japan,  Prof.  Milne  has  been  recognized  as  one  of  the  leading  authorities  in  thi« 
branch  of  science.  Bearing  in  view,  also,  the  delicate  and  costly  nature  of  seismo- 
logical apparatus,  the  Council  feel  justified  in  awarding  a  considerable  sum  of  money, 
out  of  the  Fund,  to  accompany  this  Medal. 

Prof.  Judd,  in  reply,  said : — Mr.  President, — 

Although  I  rise  at  short  notice,  it  is  with  extreme  satisfaction  that  I  receive  at 
your  hanoB  this  Award  to  Prof.  Milne.  It  was  my  good  fortune  to  be  acquainted 
with  the  recipient  of  this  Medal  and  Fund  before  he  left  this  country  for  Japan ; 
and  during  his  long  residence  in  that  distant  land  I  have  had  the  privilege  of 
frequent  correspondence  with  him.  The  cheerful  courage  with  which  he  has  faced 
unpromising  surroundings,  the  resourceful  tact  with  which  he  has  met  every 
difficulty,  and  the  unconquerable  energy  with  which  he  has  surmounted  the  greatest 
obstacles,  are  known  to  all  of  us.  "^ou.  Sir,  have  referred  to  the  admirable  work 
done  by  the  Seismological  Society  of  Japan,  and  it  is  not  too  much  to  say  that 
during  a  long  period  Professor  Milne  might  have  justly  asserted  **  I  am  the  Seismo- 
logical Society."  The  foundation  of  that  Society  ana  the  Seismological  Magazine 
are  due  to  the  wise  foresight  and  the  unflagging  energy  of  Prof.  Milne  himself,  and 
to  the  efforts  of  the  pupils  whom  he  has  instructed,  and  whose  enthusiasm  he  has 
fired.  I  feel  assured  that  the  Fund  which  you  have  asked  me  to  place  in  his  hands 
will  be  administered  in  the  best  interests  of  Geological  Science.  It  was  my  good 
fortune  to  know,  very  intimately,  the  founder  of  this  Medal  and  Fund,  ana  1  am 
persuaded  that  the  Council  of  this  Society  never  more  truly  fulfilled  his  wishes  and 
never  more  fully  conformed  to  the  terms  of  his  bequest — both  in  their  letter  and 
spirit — than  when  they  decided  to  make  this  Award  to  Prof.  John  Milne. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Lyell  Geological  Fund  to  Mr.  William  Hill,  F.G.S.,  and  addressed 
hira  in  the  following  words : — Mr.  William  Hill,— 

The  Balance  of  the  Proceeds  of  the  Lyell  Geological  Fund  has  been  awarded  to 
you  in  testimony  of  the  value  of  your  work  amongst  the  Cretaceous  rocks  of  this 
country  during  the  last  eight  years.  In  collaboration  with  Mr.  Jukes- Browne,  you 
have  made  communications  to  this  Society  on  the  Upper  Cretaceous  strata  of  East 
Anglia,  which  are  recognized  as  being  of  tne  highest  importance.  Similar  investiga- 
tions, moreover,  were  pr(»ecuted  by  yourself  alone  witn  equal  success  in  Lincoln- 
shire and  Yorkshire.  Your  intimate  acquaintance  with  the  lithological  characters  of 
the  various  members  of  the  series  has  materially  aided  your  stratigraphical  and 
palsBontological  knowledge  in  arriving  at  correct  results.  It  is  hoped  that  this 
acknowledgement  of  your  services  to  geological  science  may  encourage  you  to 
oontinue  your  researcnea. 
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Mr.  HiLii  replied  as  follows : — Mr.  President, — 

I  desire  to  conyey  my  heartiest  thanks  to  the  Council  of  this  Society  for  the  Award 
which  y<m  haye  just  placed  in  my  hands.  My  geolo^cal  work  has  been  undertaken 
chiefly  to  fill  my  spare  time,  and  I  feel  my  rewara  ample  in  the  pleasure  which 
geological  study  has  given  me,  and  in  the  kindly  reception  of  my  papers  at  the  hands 
of  this  Society.  The  unexpected  honour  you  confer  is  to  me  more  gratifying  than  I 
can  well  express. 

You  haye  spoken  of  the  yalue  of  my  work,  but  I  must  not  forget  that  this  is  much 
enhanced  by  the  help  which  I  haye  received  from  many  Fellows  of  the  Society,  and 
especially  from  one  who  is  n'^t  often  with  us.  I  take  this  opportunity  of  thanking 
them  most  heartily.  I  need  hardly  say,  Sir,  that  the  Award  will  stimulate  me  to 
farther  efforts  in  the  cause  of  Geological  Science. 

In  handing  a  portion  of  the  Proceeds  of  the  Barlow-Jameson 
Fund  to  Mr.  Charles  Davison,  M.A.,  the  President  addressed  him 
as  follows : — Mr.  Davison, — 

A  sum  of  Twenty-five  Pounds  from  the  Proceeds  of  the  Barlow  and  Jameson 
Fund  has  been  awarded  to  you  in  token  of  appreciation  of  your  work  in  geological 
dynamics — including  under  that  term  the  study  of  earthquakes.  In  this  connection 
1  would  more  especially  allude  to  your  valuable  notice  of  the  Inverness  earthouakes 
of  1890,  wherein  your  conclusions  with  reference  to  the  Great  Glen  of  Scotland  open 
out  views  of  the  utmost  importance  in  relation  to  the  Highland  faults.  We  are  also 
indebted  to  you  for  calculations  on  the  movement  of  scree-material,  based  on  the 
expansion  of  the  stones  through  heat. 

Geologists,  I  may  say,  are  always  glad  to  receive  assistance  from  mathematicians, 
and  it  is  to  be  hoped  that  this  acknowledgement  on  the  part  of  the  Council  of  the 
value  of  your  work  may  have  the  effect  of  stimulating  you  to  further  study  in  that 
direction. 

Mr.  Davison,  in  reply,  said  : — Mr.  President, — 

If  anything  could  add  to  the  welcome  and  gratifying  character  of  this  Award,  it 
would  be  the  words  of  kindness  and  encouragement  that  have  accompanied  it.  For 
both  I  beg  to  tender  my  sincere  and  hearty  thanks.  I  have  been  told,  Sir,  and  in 
my  own  case  I  feel  sure  that  it  must  be  so,  that  the  Council  in  awarding  these  Funds 
look  not  80  much  to  the  past  as  to  the  future.  I  wish  I  could  do  more  than  assure 
the  Council  that  my  best  efforts  will  be  used  to  prevent  their  kindly  hops  from 
being  disappointed. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
in  which  he  first  gave  Ohituary  Notices  of  several  Fellows  and 
Foreign  Memhers  and  Correspondents  deceased  since  the  last  Annual 
Meeting,  including  Prof.  John  Tyndall,  Prof.  Charles  Pritchard, 
Mr.  Thos.  Hawksley,  Mr.  James  W.  Davis,  Mr.  Edward  Charlesworth 
(elected  in  1835),  the  Rev.  Leonard  Blomefield  (elected  in  1835), 
tlie  Kev.  W.  H.  Crosskey,  Mr.  H.  M.  Becher,  Count  Alexander  von 
Keyserling  (deceased  1891),  Prof.  Juan  Vilanova  y  Piera,  Prof.  K. 
A.  Lessen,  Herr  Dionys  Stur,  and  Prof.  Pierre  J.  Van  Beneden. 
The  other  portion  of  the  Address  may  be  summarized  as  follows : — 

In  continuation  of  the  subject  of  the  preceding  Anniversary 
Address,  relating  to  some  recent  work  of  the  Geological  Society,  the 
remaining  portion  of  the  paper  contributed  within  the  septennial 
limits  is  classified  under  two  groups.  In  the  first  group  are  placed 
papers  descriptive  of  the  Newer  PalaBozoic  Rocks,  the  Older  Palaeozoio 
Hocks,  and  the  Fundamental  Rocks,  and  on  General  Petrology, 
which  relate  more  especially  to  the  geology  of  the  British  Isles. 
This  group  is  considered  in  detail,  and  constitutes  the  bulk  of  the 
Address. 
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Id  the  Becond  group  are  placed  numerous  papers  which  may 
roughly  he  classified  under  the  following  headings : — Miscellaneous 
Geology,  Foreign  and  Colonial — a  somewhat  exhaustive  division, 
comprising  ahout  a  score  of  papers,  dealing  with  many  subjects  in 
different  parts  of  the  world.  African  geology,  especially,  comes  to 
the  front  in  this  group.  Miscellaneous  Invertebrate  Palaeontology — 
a  score  of  papers  may  be  thus  classified.  Most  of  these  matters  are 
for  the  consideration  of  specialists,  relating  to  corals,  crinoidea, 
bryozoa,  ostracoda,  cephalopoda,  and  to  siliceous  organisms.  In 
Palcpohotany  there  has  only  been  one  paper  of  any  importance; 
whilst  under  the  heading  Dynamical  Problems  are  a  few  papers 
dealing  with  the  movement  of  material.  A  notice  of  the  Inverness 
earthquake,  and  a  communication  on  the  origin  of  the  basins  of  the 
Great  Lakes  of  America  complete  this  category. 

The  detailed  consideration  of  the  first  group  commences  with  the 
Newer  Palseozoic  Rocks.  The  Carboniferous  system  has  not  yielded 
any  important  stratigraphical  papers  of  late  years,  but  there  have 
been  some  interesting  communications  respecting  the  Coal-measures. 
Questions  as  to  the  origin  and  faunal  character  of  these  are  discussed 
by  more  than  one  writer,  and  very  important  deductions  as  to  the 
delimitation  of  the  marine  and  fresh- water  beds  have  been  drawn. 
The  subject  of  Coal  in  the  South-east  of  England  was  considered, 
d  propos  of  a  paper  read  at  the  Society  some  years  ago,  and  the 
prospects  of  coal-getting  at  Dover  and  elsewhere  in  this  part  of 
England  discussed.  In  Devonian  geology,  the  structure  and 
peculiarities  of  the  South  Devon  Limestones  form  the  subject  of 
an  interesting  communication;  and  there  are  also  important  strati- 
graphical  papers  in  this  connection,  more  especially  one  written 
subsequent  to  the  visit  of  a  party  from  the  International  Geological 
Congress  of  London. 

In  the  Older  Palaeozoic  Rocks  a  considerable  amount  of  work  has 
been  done,  more  especially  amongst  the  Silurian  and  Ordovician  of 
the  North-west  of  England,  where  additional  evidence  has  been 
furnished  of  the  value  of  Graptolite-zones  as  a  means  of  comparison 
with  the  Older  Palaeozoics  of  distant  areas ;  and  a  further  contri- 
bution has  also  been  made  to  our  knowledge  of  beds  of  this  age 
in  the  Cross- Fell  inlier.  The  papers  dealing  with  the  fossiliferous 
Cambrian  are  not  numerous,  but  they  are  of  great  importance, 
including  the  recognition  of  a  very  low  Cambrian  fauna  at  the  top 
of  the  Penrhyn  quarries,  and  Sir  J.  W.  Dawson's  correlation  of 
American  with  European  Cambrians.  The  discovery  of  OleneUits 
in  the  **  fucoid  beds  "  of  the  North-west  Highlands  also  serves  to  fix 
the  Cambrian  age  of  the  Durness  Limestone,  to  which  formation  the 
Altered  Limestone  of  Strath  in  Skye,  at  one  time  regarded  as  of 
Liassic  age,  is  now  held  to  belong.  The  physical  relations  and 
the  post-Cambrian  metamorphism  of  the  rocks  of  the  North-west 
Highlands  are  also  considered  under  this  heading. 

The  Fundamental  Rocks  are  roughly  divided  into  three  categories, 
viz. :  the  sedimentary  series,  the  volcanics,  and  the  crystalline  schists. 
The  first  includes  the  Torridon  Sandstone,  the  Longmynd  rooks,  the 
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unfossiliferons  Cambrians  of  Wales,  etc.  The  volcanio  series  has 
already  formed  part  of  the  subject  of  an  Address  from  the  Chair. 
Oddly  enough,  the  best  defined  pre-Cambrian,  or  fundamental 
sedimentary  series,  is  to  be  found  in  the  North-west  Highlands,  a 
district  which  only  a  few  years  ago  was  an  enigma,  but  which  we 
hope  may  now  supply  a  clue  to  regions  more  obscure.  This,  of 
coarse,  is  the  Torridon  Sandstone,  which  has  a  well-defined  base  and 
a  well-defined  summit.  Then  there  are  certain  rocks  which  some 
regard  as  Cambrian,  others  as  pre-Cambrian,  such  as  the  Howth 
Hill  and  Bray  Head  beds,  claimed  as  Upper  Monian.  Crossing  St. 
George's  Channel,  we  find  ourselves  in  Anglesey,  a  land  of  pre- 
Cambrian  mysteries.  The  older  rocks  have  been  described  as 
belonging  to  the  Monian  system,  an  arrangement  much  controverted, 
and  this  controversy  has  extended  to  Shropshire.  Lastly,  there  is 
the  long-standing  contention  as  to  whether  the  unfossiliferous 
Cambrians  of  North  Wales  really  belong  to  that  system  or  shouM 
be  placed  on  a  lower  horizon.  The  Malvemian  controversy  relates, 
in  the  main,  to  the  crystalline  schists. 

Under  the  heading  of  General  Petrology  is  grouped  a  very  large 
series  of  papers,  more  than  sixty  in  number,  divided  roughly  into  two 
primary  classes,  according  as  they  relate  to  the  British  Isles  or  to 
foreign  countries,  the  former  class  being  alone  considered  in  detail. 
The  arrangement  is  topographical,  and  the  rocks  under  this  heading 
may  be  of  any  age  from  the  ArchoBan  upwards.  Scotland  has  yielded 
seven  papers  in  this  group — most  of  them  of  very  great  interest  and 
importance,  one  or  two  being  somewhat  controversial.  The  subject 
of  contact-roetamorphism  is  raised  with  reference  to  more  than 
one  Scotch  locality ;  and  from  the  Lake  District  there  has  been  a 
communication  on  the  Shap  Granite  and  associated  igneous  and 
metamorphio  rocks,  which  again  brings  this  question  into  promi- 
nence. Some  of  the  papers  relating  to  Wales  have  already  been 
dealt  with  in  a  previous  Address,  but  the  subjects  of  the  Variolite 
and  also  of  the  Nodular  Felstones  of  the  Lleyn  are  noticed  on  the 
present  occasion.  In  Devonshire  the  rocks  formerly  known  as 
••  f el  spathic  traps"  have  been  described  as  basalts  and  andesites; 
whilst  the  igneous  origin  of  the  Dartmoor  Granite  has  been  main- 
tained against  one  of  those  theories  which  from  time  to  time  crop  up 
with  respect  to  this  well-known  massif.  Allusion  is  also  made  to 
the  controversy  with  respect  to  the  Start  rocks.  There  have  been 
four  papers  dealing  with  the  Lizard  peninsula,  in  which  questions 
as  to  priority  of  the  several  igneous  masses  and  as  to  the  origin  of 
the  banded  gneisses  are  entertained.  It  cannot  be  doubted  that 
considerable  progress  has  been  made  of  late  towards  a  recognition  of 
the  true  character  of  these  rocks,  which,  for  the  extent  of  territory 
they  occupy,  are  perhaps  without  equal  in  point  of  interest  throughout 
the  British  Isles.  The  Address  concludes  with  a  notice  of  the  rocks 
of  Brittany  and  the  Channel  Isles,  which  have  attracted  the  attention 
of  more  than  one  author. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
dected  fur  the  ensuing  year:  —  Council i    H.  Bauermon,  Esq.;    W.  T.  ^\.\ixd.v^t4^ 
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LL.D.,  P.R.S. ;  Sir  John  Enni,  K.C.B.,  D.C.L.,  LL.D.,  P.R.8. ;  Prof.  A.  H. 
Green,  M.A.,  P.R.S. ;  J.  W.  Gi^rj,  D.Sc. :  Alfred  Barker,  Bag.,  M.A. ;  G.  J. 
Hinde,  Ph.D.;  T.  Y.  Holmes,  £q. ;  W.  H.  Hndleston,  Esq.,  M.A.,  F.R.S. ; 
J.  W.  Hulke,  Eaq.,  P.R.S. ;  Prof.  J.  W.  Jndd,  F.R.S.  ;  Prof.  C.  Lapworth, 
LL.D.,  F.R.S. ;  R.  Lydekker,  Esq.,  B.A. ;  Lient.-General  G.  A.  McHahon; 
J.  E.  Marr,  Esq.,  M.A.,  F.R.S. ;  H.  W.  Monckton,  Esq.,  F.L.S.:  Clement  Reid, 
Esq.,  F.L.S. ;  F.  Rntley.  Esq. ;  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S. ;  Prof.  T. 
Wiltshire,  M.A.,  F.L.8. ;  Rey.  H.  H.  Winwood,  M.A. ;  Henry  Woodward,  LL.D., 
F.U.S. ;  H.  B.  Woodwaid,  Esq. 

Offieertx—Prfident:  Henry  Woodward,  LL.D.,  F.R.S. ;  Via-PrttidMU  i  Prof. 
A.  U.  Green,  M.A.,  F.R.S.;  G.  J.  flinde,  Ph.D.;  Prof.  J.  W.  Judd,  F.R.S.; 
R.  Lydekker,  Esq.,  B.A.  SeerttariMi  J.  E.  Marr,  Esq^M.A.,  F.R.S. ;  J.  J.  H. 
TeaU,  Esq.,  M.A.,  F.R.S.  Foreign  Secretary :  J.  W.  Hulke,  Esq.,  F.R.8. 
IWoftfTtr:  Prof.  T.  Wiltshire,  M.A.,  F.L.S. 


III.  —  February  2l8t,  1894. --Dr.  Henry  Woodward,  F.R.S., 
President,  in  the  Chair.  The  President  announced  that  the  Sixth 
Session  of  the  International  Geological  Congress  will  be  held  at 
Zurich  from  August  29th  to  September  2nd,  1894.  The  meetings 
are  to  be  divided  into  three  sections : — 

Ist.   General  Geology,  etc. 

2nd.  Stratigraphy  and  Palaeontology. 

3rd.  Mineralogy  and  Petrography. 

Qeologists  having  papers  to  present  at  the  meetings  are  requested 
to  notify  the  same  to  the  Committee,  and  to  send  a  short  abstract 
of  the  subject  with  which  they  propose  to  deal.  The  Circular  is 
suspended  on  the  Notice- Board  at  the  Apartments  of  the  Society 
for  the  convenience  of  those  Fellows  who  may  desire  further 
information. 

The  following  communications  were  read  : — 1.  "On  the  Relations 
of  the  Basic  and  Acid  Hooks  of  the  Tertiary  Volcanic  Series  of  the 
Inner  Hebrides."  By  Sir  Archibald  Geikie,  D.Sc.,  LL.D.,  F.R.S., 
F.G.S. 

After  an  introductory  sketch  of  his  connection  with  the  inves- 
tigation of  the  Tertiary  volcanic  rocks  of  Britain,  the  author 
proceeds  to  describe  the  structure  of  the  ground  at  the  head  of 
Glen  Sligachan,  Skye,  which  has  recently  been  cited  by  Prof.  Judd 
as  affording  inclusions  of  Tertiary  granite  in  the  gabbro,  and  as 
thus  demonstrating  that  the  latter  is  the  younger  rock.  He  first 
shows  that  the  gabbro,  instead  of  being  one  eruptive  mass,  consists 
of  numerous  thin  beds  and  sills  of  different  varieties  of  gabbro, 
some  of  which  were  injected  into  the  others.  These  various  sheets, 
often  admirably  banded,  can  be  seen  to  be  truncated  by  the  line  of 
junction  with  the  great  granophy re- tract  of  Glen  Sligachan.  A  large 
mass  of  coarse  agglomerate  is  likewise  cut  off  along  the  same  line. 
These  structures  are  entirely  opposed  to  the  idea  of  the  gabbro  being 
an  eruptive  mass  which  has  broken  through  the  granophy  re.  They 
can  only  be  accounted  for,  either  by  a  fault  which  has  brought  the 
two  rocks  together,  or  by  the  acid  rock  having  disrupted  the  basic. 
But  there  is  ample  evidence  that  no  fault  occurs  at  the  boundary-line. 

The  granophyre  becomes  fine-grained,  felsitic,  and  spherulitic 
along  its  maigin,  where  it  abuts  against  the  complex  mass  of 
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lasio  rocks.  These  structures  continue  altogether  independent  of 
he  varying  distribution  of  the  gabbros,  and  are  seen  even  where 
he  grauophjre  runs  along  the  side  of  the  agglomerate.  Similar 
itructures  are  of  common  occurrence  along  the  margins  of  the 
^ranophy re-bosses  and  sills  of  the  Inner  Hebrides,  being  found, 
not  only  next  the  gabbro,  but  next  the  Jurassic  sandstones  and 
shales.  They  are  familiar  phenomena  of  contact  in  all  parts  of  the 
world,  and  are  sufficient  of  themselves  to  show  that  the  granophyre 
of  Skye  must  be  later  than  the  gabbro. 

The  author  then  describes  three  conspicuous  dykes,  from  eight  to 
ten  feet  broad,  which  can  be  seen  proceeding  from  the  main  body 
of  granophyre  and  cutting  across  the  banded  gabbros.  One  of  these 
is  traceable  for  more  than  800  feet  in  a  nearly  straight  line.  The 
material  oomposiDg  these  dykes  is  identical  With  tilt  constituting 
the  marginal  portion  of  the  granophy re-mass.  It  presents  the  most 
exquisite  flow- structure,  with  abundant  rows  of  spherulites.  The 
author  exhibited  a  photograph  of  one  of  the  dykes  ascending  vertically 
through  the  gabbros.  Numerous  dykes  and  veins  of  the  same 
material,  not  visibly  connected  with  the  main  granophyre-mass, 
traverse  the  gabbros  of  the  ridge  of  which  Druim  an  Eidhne  forms 
a  part.  Some  of  these  are  described  in  the  paper,  and  it  is  shown 
that  the  flow -structure  follows  the  irregularities  of  the  gabbro- 
walls  and  sweeps  round  enclosed  blocks  of  altered  gabbro.  The 
"inclusions"  described  by  Prof.  Judd  are  portions  of  these  dykes 
and  veins.  There  is  not,  so  far  as  the  author  could  discover,  a 
BiDgle  granite-block  enclosed  in  the  gabbro  anywhere  to  be  seen 
at  this  locality.  He  therefore  claims  not  only  that  his  original 
description  of  the  relations  of  the  rocks  was  perfectly  correct, 
but  that  the  evidence  brought  forward  to  contradict  it  by  Prof. 
Judd  furnishes  the  most  crushing  testimony  in  its  favour. 

2.  "  Note  on  the  Genus  Naiadites,  as  occurring  in  the  Coal 
Formation  of  Nova  Scotia."  By  Sir  J.  William  Dawson,  K.C.M.G., 
LL.D.,  F.R.S.,  F.G.S.  With  an  Appendix  by  Dr.  Wheelton  Hind, 
B.S.,  F.R.C.S.,  F.G.S. 

The  specimens  referred  to  in  the  paper  occur  most  abundantly  in 
calcareo-bituminous  shales  along  the  coast,  at  the  South  Joggins, 
and  were  described  by  the  author  in  "  Acadian  Geology,"  in  1860. 
A  collection  of  them  has  been  submitted  to  Dr.  Wheelton  Hind. 
In  Q.J.G.S.  vol.  xix.  Mr.  Salter  referred  the  shells  described  as 
Naiadites  to  his  new  genera  Anthracoptera  and  Anthracomya.  In 
correspondence  with  Mr.  Salter,  the  author  held  that  the  shells 
were  probably  fresh-water,  and  objected  to  the  name  Anthracomya 
as  expressing  an  incorrect  view  of  the  affinity  of  the  shells;  he 
also  stated  several  reasons  in  support  of  his  opinions.  The  author 
continued  to  use  the  name  NataditeSy  but  does  not  object  to  the 
division  of  the  species  into  two  genera,  for  one  of  which  Salter's 
name  Anthracoptera  should  be  retained.  Additional  reasons  are 
given  for  the  fresh-water  origin  of  these  shells,  and  the  author 
expresses  bis  gratification  that  their  affinities  have  been  so  ably 
illustrated  by  Dr.  Hind. 
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Dr.  Wbeelton  Hind  believes  that  the  "genua"  NaiadHe$  oontaina 
three  distinct  genera,  for  one  of  which  the  name  moat  be  retained. 
He  proposes  to  retain  the  name  for  the  forms  called  Antkraeomyc^ 
affirming  as  this  word  does  an  altogether  wrong  affinity  for  the 
genas.  (The  name  Naiadite$  was  proposed  in  1860 ;  JjUhracomifa 
in  1861.) 

Dr.  Hind  is  not  able  to  state  that  any  of  the  species  snbmitted  to 
him  by  Sir  J.  W.  Dawson  are  the  same  as  Britbh  forms.  The  shell 
originally  described  as  NaiaditeB  carbonaria  is,  he  has  no  doubt,  an 
Anihracopiera.  He  gives  notes  on  N.  arenaria.  If.  angmlata,  and 
If.  lavii. 


PRESEBVATION    OP    FOSSIL    PLANTS. 

Sir, — ^In  answer  to  certain  questions  of  a  Correspondent  in  the 
December  Number  of  this  Maoazink,  I  should  like  to  offer  the 
following  suggestions : — 

(i.)  Mr.  Wilmore  asks  why  the  ''Carbonaceous  covering"  of  such 
Coal-measure  fossils  as  Calamites,  etc.,  is  confined  to  the  outside  of 
the  cast.  In  such  a  plant  as  Catamites  the  sandstone  or  shale  cast, 
which  usually  represents  the  genus  in  a  fossil  state,  has  frequently 
a  layer  of  carbonaceous  matter  moulded  on  its  surface.  The  sand- 
stone or  shale  is  simply  the  hardened  sand  or  mud  which  fill  up  the 
hollow  pith  of  the  Calamitean  stem,  and  the  layer  of  coal  represents 
the  carbonized  remnant  of  the  woody  and  cortical  tissues  of  the 
plant  stem.  The  thickness  of  this  coal}'  covering  varies  in  different 
species ;  and  it  has  been  suggested  that  we  may,  in  some  cases, 
calculate  the  original  thickness  of  the  stem  tissues  by  multiplying 
the  thickness  of  the  carbonaceous  layer  by  26.  It  is  doubtful 
whether  such  a  method  should  be  looked  to  as  likely  to  afford 
accurate  results ;  but  no  doubt  the  coaly  residue  will  vary  consider- 
ably in  thickness  according  to  the  diameter  of  the  stem  from  which 
it  has  been  formed. 

In  impressions  of  fern  fronds,  in  which  the  pinnules  are  coated 
with  a  thin  film  of  carbon,  it  is  occasionally  possible  to  trace  the 
outlines  of  the  original  cells  of  the  leaf. 

(ii.)  As  to  whether  the  carbonaceous  layer  on  the  surface  of  a 
cast  represents  the  whole  of  the  carbon  of  the  plant  tissues,  it  is 
difficult  to  say  huw  much  has  escaped  in  a  gaseous  form  during 
the  gradual  disorganization  of  the  tissues ;  certainly  the  amount  of 
carbon  contained  in  a  very  thin  layer  must  usually  be  regarded  as 
the  product  of  a  much  greater  thickness  of  plant  substance. 

(iii.)  The  third  question  is : — "  Why,  in  comparatively  soft  and 
little  altered  freestones,  should  the  carbonaceous  layer  exhibit  such 
a  baked  or  charred  appearance"?  ITiis  bakeil  or  charred  appear- 
ance should  not  merely  be  referred  to  the  action  of  heat,  but  is  in 
all  probability  the  result  of  various  weathering  agencies  and  not 
necessarily  the  expression  of  actual  charring. 

CAMhRlDQB,  Feb.  12,  1894.  A.  C.  SsWAED. 
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THE    GREAT    JAPANESE   EABTHQUAEE. 

Sib, — In  answer  to  some  enqniries  concerning  the  effects  of  the 
great  earthquake  of  1891,  Professor  Roto,  of  Tokyo,  has  just 
favoured  me  with  further  interesting  particulars  that  meet  some 
of  the  points  mooted  by  the  Bev.  E.  Hill,  in  this  Month's  Number 
of  the  Magazine,  and  adds  something  to  the  Professor's  previous 
paper  in  the  Japanese  Journal  of  Science.  In  this  letter  he  remarks : 
"As  to  the  questions  you  put  on  my  earthquake  paper,  I  shall 
attempt  to  answer  you  in  a  few  particulars,  though  I  may  not  satisfy 
you,  owing  to  my  superficial  geological  knowledge.  The  uplift 
in  vertical  direction,  at  its  maximum  point,  is  from  5^  to  6  metres. 
This  is,  however,  an  exceptional  one,  found  in  Modori,  in  the  Neo 
Valley.  This  local  uplift  seems  to  me  to  have  been  caused  by  the 
pushing  up  of  the  crust  between  two  fault- lines  by  lateral  pressure 
of  the  neighbouring  strata  (see  p.  340  of  my  paper).  In  all  other 
cases  the  vertical  displacement  is  insignificant;  in  plains  it  may  only 
be  seen  by  slight  undulation  of  the  ground.  Along  hill-sides  it  may 
be  seen  in  small  landslips  covered  by  soil,  and  in  this  case  the  fault 
could  not  be  distinguished  from  ordinary  landslips  accompanying 
severe  shocks.  A  very  characteristic  feature  of  the  fault  in  question 
is  the  horizontal  displacement  along  the  faulting  plane,  by  which  the 
boundaries  of  field  becomes  discontinuous.  From  this  displacement 
I  could  measure  the  amount  of  shift  of  wing  relative  to  the  opposite 
wing.  Along  the  junction  the  soil  is  much  disturbed  and  raised  from 
the  surrounding  field,  appearing  just  like  tracks  of  a  mole.  At  the 
spur  of  the  hills  this  could  not  be  well  seen,  as  the  junction  is  covered 
by  fallen  talus.  The  displacement  is,  therefore,  best  studied  in  culti- 
vated fields.  I  have  traced  the  Neo  fault  for  112  km.  by  the  marks 
left  in  the  fields  by  slight  elevations,  and  by  displacement  of  field 
boundaries,  and  the  regularity  and  constancy  of  these  marks.  Some- 
times I  have  traced  it  in  wooded  hills  where  I  often  lost  sight  of  the 
marks,  but  by  the  help  of  the  compass  I  caught  the  track  again 
beyond  the  hills  on  the  other  side.  It  was  a  very  troublesome  task 
to  keep  my  route  right  in  this  way. 

"  You  ask  me  whether  the  faulting  plane  is  vertical  or  ohliqne  ?  I 
am  sorry  I  cannot  tell  you  which  it  is.  As  may  be  understood 
from  the  foregoing  statement  the  vertical  displacement,  as  a  general 
rule,  amounts  to  very  little.  The  best  opportunity  for  study  in  this 
direction  may  be  that  of  Midori  (photograph,  PI.  xxxiv.),  but, 
unfortunately,  the  faulting  took  place  in  alluvial  ground,  con- 
8e(^uently  solid  strata  did  not  come  into  view  at  the  surface.  As 
the  raised  mound  in  the  fields  is  very  narrow  and  sharply  marked, 
I  surmise  that  the  faulting  plane  is  vertical,  or  nearly  so ;  if,  on  the 
contrary,  the  faulting  plane  makes  large  angles,  with  normal  upon 
the  surface,  the  head  of  shifting  plane  should  not  be  so  clearly 
marked  as  in  the  Mino-Owari  district,  but  the  proximity  of  fault 
must  be  much  disturbed,  which  is  not  the  case  with  ours. 

**  Whether  the  hard  rocks,  as  well  as  the  drift-gravel  and  sand, 
are  afiected  by  the  fault  is  the  next  question  you  put  to  me,  which 
I  auswer  in  the  affirmative.     As  the  line  of  fault  goes  through  field 
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and  hills  as  well  as  mountains  alike  with  great  regularity  and 
sharpness,  I  think  I  am  justified  in  saying  that  the  hard  rocks  are 
also  affected  by  the  fault.  If  diluvial  and  alluvial  deposits  were 
only  affected  by  it,  the  line  must  be  of  only  short  distance,  and  may 
perhaps  not  be  a  straight  line,  but  I  found  the  line  of  fault  crossed 
intervening  hills  and  appeared  again  on  the  opposite  side,  keeping 
thereby  the  same  direction  on  either  side.  The  faulting  in 
one  case  took  place  in  a  rocky  crust,  and  must  be  deep-seated. 
Unfortunately  the  fault  did  not  cross  the  hard,  eroded  valley  bottom 
where  the  effect  o(  friction  by  shifting  might  perhaps  be  observed. 

"  The  next  question  is  whether  the  shock  was  of  sudden  or  pro- 
longed nature.  As  there  was  no  sign  of  change  in  topography 
before  the  last  convulsion,  the  shock  must  be  a  sudden  one,  other- 
wise houses  standing  upon  the  fault-line  must  have  inclined  toward 
one  or  other  side  before  the  shocks,  which  was  not  the  case,  at  any 
rate  I  have  heard  of  no  such  signs  when  going  through  earthquake- 
districts  when  I  had  opportunity  to  converse  with  the  unhappy 
people.  I  think  the  faulting,  which  produced  the  last  catastrophe, 
was  what  the  miners  call  heave,  or  blatt  of  German  geologists, 
i,e,  the  fault  crossing  the  strike  of  strata  complex.  If  the  solid 
large  mass  of  crust  had  suddenly  shifted,  as  I  think  was  the  case  in 
the  earthquake  of  Japan  1891,  a  great  amount  of  friction  must  have 
occurred  along  the  plane  of  fault,  and  thereby,  mechanically,  heat 
may  have  been  developed  which  may  have  melted  the  rock  or 
produced  slicken-side  on  the  cheeks  of  bounding  rocks.  I  regret 
much  that  I  made  no  observations  in  this  direction.  Till  now  I 
have  not  heard  of  any  new  appearances  of  hot  springs  iu  faulted 
district.  In  every  textbook  on  geology  it  is  stated  during  mountain- 
making  process  faults  are  produced  by  which  rock-masses  slide  along 
the  dislodged  plane,  thereby  partially  melting  the  neighbouring  rocks 
by  the  development  of  mechanical  heat  by  friction,  and  convert  a 
rock  into  another  form  and  producing  regional  metamorphism. 
In  the  last  sudden  faulting  no  such  changes  were  observed  by  me. 
Such  phenomena  might  occur  in  the  deeper  parts  of  the  earth-crust, 
but  near  the  earth-surface,  so  far  as  I  know,  nothing  resembling 
such  phenomena  was  observed  or  recorded  by  any  person." 

Allow  me  to  observe  in  reply  to  Mr.  Hill's  courteous  letter  that 
I  do  not  take  the  great  fault  at  all  as  a  measure  of  the  forces  to  be 
dealt  with,  but  merely  as  an  indication  of  their  nature,  and  not  as 
evidence  of  their  degree,  which  can  only  be  judged  of  by  the  results 
in  each  particular  case  of  disturbance. 

Shoreham,  Kent.  Joseph  PRicqTiiPTnR 

lOth  March,  1894.  JOSEPH  rRESTWICH. 

William  Pengellt,  F.R.S.,  F.G.S. — With  deep  regret  we  record 
the  death  of  this  well-known  geologist,  who  has  done  so  much  during  the 
past  forty  years  in  the  exploration  of  Brixham  Cave,  and  Kent's  Cavern, 
Torquay ;  in  the  establishment  of  the  Devonshire  Association  for  the 
Advancement  of  Science,  and  the  Torquay  Natural  History  Society.  He 
died  at  Torquay  on  17th  March,  in  his  83rd  year.  We  hope  to  give 
an  Obituary  Notice  of  Mr.  Pengelly  next  month. 
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L — Restoration  op  Camptosaurus, 
By  Prof.  0.  C.  Maush,  Ph.D.,  LL.D.,  F.G.8.,  etc. 

(PLATE  VI.) 

THE  Jarassic  deposits  of  Western  North  America  contain  the 
remains  of  many  gigantic  Dinosaurs,  and  various  skeletons 
of  these  have  been  obtained  by  the  writer,  who  has  described  the 
more  important  forms.  Kestorations  of  the  skeletons  of  three  of 
the  most  interesting  genera,  Brontosaurus,  Stegosaurus,  and  CeratO' 
taurus,  have  already  been  given  in  the  American  Journal  of  Science 
and  in  this  Magazine,  and  another  of  these  huge  reptiles  is  thus 
represented  on  Plate  VL  accompanying  the  present  article.  Each 
of  the  three  forms  previously  restored  was  a  typical  member  of 
a  distinct  group  of  the  Dinosauria,  and  this  is  true,  although  in  a 
less  degree,  of  the  present  genus,  Camptosaurus.  Restorations  of 
Anchtaaurus  from  the  Triassic,  and  Claosaurus  and  Triceratops  from 
the  Cretaceous,  all  Dinosaurs  of  much  interest,  have  likewise  been 
published  by  the  writer  in  the  American  Journal^  and  in  this 
Magazine. 

The  restoration  here  given  is  based  upon  the  type  specimen  of 
Camptosaurus  dispar,  one  of  the  most  characteristic  forms  of  the 
great  group  Omiihopoda,  or  bird-footed  Diuosaurs.  The  reptile 
is  represented  on  Plate  VI.,  one-thirtieth  natural  size.  The  position 
chosen  was  determined  after  a  careful  study  not  only  of  the  type 
specimen,  but  of  several  others,  in  excellent  preservation,  belonging 
to  the  same  species  or  to  others  nearly  allied.  It  is  therefore 
believed  to  be  a  position  frequently  assumed  by  the  animal  during 
life,  and  thus,  in  some  measure,  characteristic  of  the  genus  Campto- 
saurus, The  present  species,  when  alive,  was  about  twenty  feet 
in  length,  and  ten  feet  high  in  the  position  here  represented. 

The  genus  Camptosaurus  is  a  near  ally  of  Iguanodon  of  Europe, 
and  may  be  considered  its  American  representative.  Camptosaurus^ 
however,  is  a  more  generalized  type,  as  might  be  expected  from 
its  lower  geological  horizon.  It  resembles  more  nearly  some  of 
the  Jurassic  forms  in  England,  generally  referred  to  Iguanodon,  but, 
as  these  are  known  only  from  fragmentary  specimens,  their  generic 
relations  with  Camptosaurus  cannot  now  be  determined  with  certainty. 

*  American  Journal,  toI.  xli.  p.  339,  April,  1891 ;  toI.  xlii.  p.  179,  August,  1891 ; 
TuL  xlir.  p.  343,  October,  1892 ;  aodyol  xlv.  p.  169,  February,  1893. 
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In  comparing  Campiosaurus,  as  here  restored,  with  a  very  perfect 
skeleton  of  Igtumod^  from  Belgiam,  as  described  and  figured, 
Tarious  points  of  difference  as  well  as  of  resemblance  may  be 
noticed.  The  skull  of  Camptoaaurua  had  a  sharp,  pointed  beak, 
evidently  encased  during  life  in  a  homy  sheath.  This  was  met 
below  by  a  similar  covering,  which  enclosed  the  predentary  bone. 
The  entire  front  of  the  upper  and  lower  jaws  was  thus  edentulous, 
as  in  Iguanodan,  but  of  different  shape,  llie  teeth  of  the  two  genera 
are  of  similar  form,  and  were  implanted  in  like  manner  in  tbe 
maxillary  and  dentary  bones.  In  Camptosaurua  there  is  over  each 
orbit  a  single  supra-orbital  bone,  curving  outward  and  backward, 
with  a  free  extremity,  as  in  the  existing  Monitor;  a  feature  not 
before  observed  in  any  other  Dinosaur  except  Laoaaunu,  an  allied 
genus,  also  from  the  Jurassic  of  America.  Other  portions  of  the 
skull  of  Camptosaurua  as  well  as  the  byoid  bones  appear  to  agree 
in  general  with  those  of  Iguanodon. 

The  vertebrad  of  Camptoaaurua  are  similar  in  many  respects  to 
those  of  Iguanodon,  but  differ  in  some  important  features.  In  the 
posterior  dorsal  region,  the  transverse  processes  support  both  the 
head  and  tubercle  of  the  rib,  the  head  resting  on  a  step,  as  in 
existing  crocodiles.  The  five  sacral  vertebrsB,  moreover,  are  not 
coossified,  even  in  forms  apparently  adult,  and  to  this  character  the 
name  Camptonotua  first  given  to  the  genus  by  the  writer  in  1879 
especially  refers.^ 

Another  notable  feature  of  the  sacral  vetebrsB  of  the  type  specimen 
should  be  mentioned.  The  vertebrsd  of  the  sacrum,  especially  the 
posterior  four,  are  joined  to  each  other  by  a  peculiar  peg  and  notch 
articulation.  The  flodr  of  the  neural  canal  of  each  vertebra  is 
extended  forward  into  a  pointed  process  (somewhat  like  an  odontoid 
process),  which  fits  into  a  corresponding  cavity  of  the  centrum  in 
front  This  arrangement,  while  permitting  some  motion  between 
the  individual  vertebras,  helps  to  hold  them  in  place,  thus  coin- 
pensating  in  part  for  absence  of  ankylosis.  A  similar  method  of 
articulation  is  seen  in  the  dermal  scales  of  some  ganoid  fishes,  but, 
so  far  as  tbe  writer  is  aware,  nothing  of  the  kind  has  been  observed 
before  in  the  union  of  vertebrsB. 

In  Camptoaaurua  the  sternum  was  apparently  unossified,  and  no 
trace  of  clavicles  has  been  found.  The  pelvis  of  Camptosaurua 
differs  especially  from  that  of  Iguanodon  in  the  pubis,  the  postpuhic 
branch  being  even  longer  than  the  ischium,  while  in  Iguanodon 
this  element  is  much  shortened. 

In  the  fore  foot  of  Camptoaaurua  there  were  five  functional  digits, 
the  first  being  flexible  and  nearly  parallel  with  the  second,  thus 
differing  from  the  divergent,  stiff  thumb  of  Iguanodon,  The  hind 
feet  had  each  three  functional  digits  only,  the  first  being  rudi- 
mentary and  the  fifth  entirely  wanting,  as  shown  in  Plate  VI. 
Tbe  entire  skeleton  of  Camptoaaurua  was  proportionately  more 
slender  and  delicately  formed  than  that  of  Iguanodon,  although  the 

^  This  name  proved  to  be  preoccupied,  and  Camptotaurut  was  substitated  for  it. 
— American  Journal,  vol.  xxix.  p.  169,  February,  1885. 
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babita  and  mode  of  life  of  these  two  herbivorom  Dinonnre  were 
doabtlsBs  very  Bimilu. 

Tbe  type  Bpeoimen  of  Gamptoeaurut  ditpar,  aaed  as  the  baais  of 
tbe  present  restoration,  is  from  the  Atlantosaurns  beds  of  the  Upper 
Jurasaio  of  Wyoming.  This  speciee  aod  other  allied  forma  will 
be  fully  deaoribed  in  an  illustrated  Memoir  now  io  praparation  by 
the  writer  for  the  United  States  Geological  Survey.  The  present 
restoration  is  leduoed  from  a  lai^  drawiug  mode  for  that  volume. 


IL — Oir  THE  Stbdotitbi  and  ArriHrnBS  or  the  Gehus  Solssopoka, 

TOOITHEB  WITH  DiSOKIPTIDHH  OF  MeW  SPBOIM. 

Bj  Alls.  Bkowk,  H.B  ,  M.A.,  B.Sc. ; 
Anutant  in  ths  Natnnl  Hiitorj  Departmsnt  in  the  UiUTanitj  of  AbardMn. 

(PMt  II.) 

{Cbntimud  from  thi  April  IfumUr,  p.  161.) 

5.  Solenopora  JUiforMia,  Nioh. 

Salnupora  JUi/ormU,  Nicholran,  Oiol.  Mad.  I88B,  Dec.  III.  Tol.  T.  No.  1,  p.  21. 

"  It  preaenta  itself  sometimes  in  the  form  of  araall  rounded 
tnaases,  or  irregular  nodules ;  or  at  other  times  as  lobate  or 
ramified  maasea  of  considerable  dimenaioDs.  Viewed  with  a 
powerful  roagnifying-glaaa,  it  appeara  to  be  quite  compact  or 
obscurely  fibrous"  (NicholBon). 

The  internal  struotura  is  commonly  muoh  obscured,  or  even 
destroyed  by  crystallization.  In  vertical  section  the  oells  are 
arranged  in  rodiatiug  fashion.  Cells  narrower  ami  shorter  than 
in  Solenopora  compaeta.  diameter  being  iiV  mm.  Cell-walls  thin 
and  not  wavy  (Fig.  €a).       In  tangential  section  the  cells    have 


Fio    8  —A,  Long.  sect,  of  Solenopora  ^H/ormit,  Nich.,  from  the  Ordoyician  Lime- 
rtones  of  CrJgbBad,  Girran,  Aynhire.     x  60  d.      B,  T»ng.  vxt.  of  the  same. 

polygonal  walls.     They  appear  to  increase  by  ordinary  cell -division, 
but  tlie  active  condition  has  not  been  observed  (Fig.  6  a). 

Obtervalitma. — This  speciea  seems  to  bo  an  intermediate  form 
between  S.  eompacta  and  S.  Jarastiea.  Tlie  cells  are  not  bo 
elongated  ae  in  S.  eompaeta,  and  are  more  like  what  one  finds  in 
S.  Jarai$ica ;  only  in  the  latter  the  transverse  cell-walla  are  concave 
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on  one  aide,  and  are  aa  tfaiok  as  the  longitudinal  walla,  while  in 
S.  jUiformii  the  transTerge  cell-walla  are  straight,  and  are  thinner 
than  the  longitudinal  walla.  Further,  in  oross  section,  the  oell-walli 
of  S.  JUiformia  are  polygonal  in  form,  while  the  same  thing  is  found 
to  occur  very  freqaently  in  S.  Juraitiea. 

Formation  and  Locality.  —  Ordovioian,  Craighead  Limestones, 
Girvan,  Ayrshire ;  ocourring  along  with  Soleuopora  eompaeta. 
(Coll.  H.  A.  Nioholaon.) 

6.  Solenopora  dendriformtB,  n.gp. 

Under  this  name  I  shall  describe  a  species  which  is  fonnd  oo> 
curriog  along  with  Solenopora  eompacta  and  Solenopora  nigra  in  the 
limestoneB  of  Saaic,  Esthonia.  It  preaenta  itself  in  minute  nodnles, 
ovate  or  spherical  in  form  and  dark  in  colour.  Eaoh  nodnle  ahoirs 
the  arrangement  of  ita  parts  in  oonoentrio  layers. 

In  longitudinal  section  the  oells  appear  to  have  a  radial  arrange- 
ment;  cell-walls  tbiok  and  sinuous;  transTerae  walls  concave  on 
their  peripheral  side.  The  diameter  of  the  cells  in  eaoh  epecimea 
varies  very  greatly,  this  being  due  to  the  peouliar  branching  nature 
of  the  oella  to  be  presently  referred  to.  The  largeat  diameter  i> 
about  T^mm.,  but  others  are  very  much  smaller.  The  length  o( 
the  oells  is  about  i — i  mm.  or  even  longer. 

In  tangential  section  the  oells  appear  to  branch  in  all  directions, 
especially  horizontally  (Fig.  7).  The  smaller  branching  processes 
are  seen  cut  across  in  the  illaatratioD. 


\7 

Tia.  7.— Taog.  sect,  of  Solfnapore  itnirifarmi;  D.ap.,  from  £«thotiia.     x  60  d. 

Obaervaliont. — ^The  important  feature  in  this  apeciea  is  the  extra- 
ordinary nature  of  the  cells,  branching  as  they  do  in  all  directions. 
Otherwise  the  nature  of  the  skeleton  is  muoh  the  same  as  in  the 
species  already  described.  The  position  and  form  of  its  transverse 
cell-walls  show  a  resemblance  to  what  we  find  in  S.  Juraaaica  and 
S.  nigra. 

Formation  and  Locality. — Ordovician  Limestonea  of  Saak,  Esthonia. 
(CoU.  H.  A.  Nicholson.) 
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7.  Salmopora  Juaiformit,  n.Bp.     (PI.  V.  Fig.  4.) 

This  species  ooonra  u  small  white  nodules,  oral,  orate,  or  spherioal 
in  form.  Conoentrio  ringa  faintly  seen.  Its  size  varies  from  the 
dimeDsioDs  of  a  pea  to  those  of  a  hazel-nut.  The  struoture  is 
generally  greatly  obscured  by  cry b tall ization. 

In  longitudinal  section  numerous  concentric  rings  are  seen,  bnt 
many  of  them  are  altered  by  aeoondary  crystallization.  The  cells 
have  about  the  same  diameter  as  the  cells  of  Solenopora  JUi/orntif, 
Tiz.  ^V  mm.,  bat  are  more  or  less  spindle-shaped,  and  dove-tail  into 
one  another. 

In  tangential  seotion  the  outline  of  the  cells  is  only  feebly  sinuous. 
The  oelU  vary  in  size  considerably  on  acoonut  of  their  fusiform 
nature. 

Obiertaliont. — The  interesting  feature  here  is  the  fusiform  nature 
of  the  cells,  whioh  can  be  more  readily  distinguished  under  a  high 
power.  In  this  type,  the  conoentrio  rings  are  particularly  well 
developed,  and  the  general  struoture  reminds  one  of  suoh  a  form  as 
Lithothamnion. 

Formation  and  Locality.  —  Ordovioian,  Craighead  Limestones, 
Oirvan,  Ayrshire,  occurring  in  great  quantity,  and  forming  large 
masses  of  limestone.  It  is  asBOoiated  with  S.  compaeta  and 
S.  JUi/orimi.     (Coll.  H.  A.  Nicholson.) 

n.    BlIATIONS  OF  THl   QbHUS   SoLBNOPO&A. 

The  observations  previously  recorded  render  it  possible  to  arrive 
now  at  something  like  a  definite  conclusion  as  to  the  afGnities  and 
systematic  position  of  the  genus  Solenopora. 

In  the  Tertiary  rooks,  and  among  existing  Algee,  we  find  the  well 
known  Nullipores,  many  of  which  are  massive  in  structure.  Their 
distribution  is  very  wide,  recent  forms  ocourring  as  far  north  as 
the  Arctic  region.  They  form  extensive  mosses  of  limestone,  as  the 
Tertiary  era  bears  witness.  To  this  group  of  Coralline  Algre  the 
forms  above  described,  as  helping  to  give  rise  to  thick  masses  of 
limestone  during  the  Ordovioian  and  Jurassic  periods,  appear  to 
be  closely  related. 


Fio.  8.— Long.  sect,  of  ZMolhamnim  f<ecandum.     x  iO  d.  {after  Ejellman). 

In  Fig.  8  and  PL  V.  Fig.  1,  the  general  struoture  of  a  Nullipore 
(Lithothamnion)  is  seen.  It  consists  simply  of  a  mass  of  cellular 
tissue  arranged  in  concentric  rings,  which  rings  are  often  irregular. 
The  cells  are,  in  aeotioD,  quadrilateral  in  shape,  and  are  of  very 
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Binall  aiza.  In  aome  BpeoimenB  RpaoM  oan  bo  Men  vhicb  are  the 
remaiDa  ot  the  former  oonceptaolea  of  aporooaipa  or  aporangia. 
These  oavitiea  oommunioate  with  the  exterior  by  meana  of  a 
number  of  oanala.  The  latter  are  geoenJly  surrounded  bj 
a  number  of  oella  having  a  different  shape  Rom  the  ordinary 
tiBSiie-oelU  of  the  thallns.  Tbia  in  apeoially  well  seen  at  the 
external  apertures  of  the  oanals  (Fig.  9),  where  the  modified  cells 


figs 

Fio.  B— FiTtof  roorof  ■'c<iii<!eptMila"dee>1eieed.     x  iO  d.  (iftar  Ejellnun). 

in  question  give  riae  to  a  roBett«-like  appearance.  These  oonoeptaolei 
may  oc  may  not  be  immersed  in  the  general  aubatanoe  of  tbe  thalloB. 
If  immersed,  then  a  scar  or  a  vacant  space  is  left  to  tell  of  their 
existence ;  or,  indeed,  they  may  be  replaced  by  new  tisane,  so  that 
no  trace  of  the  former  oonoeptaole  can  be  seen. 

Kegarding  other  forms  of  the  Cor&llineee,  it  ia  neoeesaiy  to  mention 
one  or  two  points  for  comparison.  In  QtraHma  nediterranea  there 
is  no  concentric  arrangement  of  the  tiasne-oella,  as  there  is  in 
Lilholhamnion.     The  cells,  too,  are  larger  than  in  the  latter,  and 


jcal  ihoot  ot  CeralHna  ttuJUnroHta.     x  300  d. 
Sohoa-LtobachJ. 

are  arranged  as  in  that  genna  in  parallel  rows,  save  where  soma 
cell  in  one  of  the  rows  has  two  cells  attached  to  its  distal  extremity 
in  a  Bub-diohotoraoua  manner  (Fig.  10).  The  last  featnre  is, 
however,  characteristic  of  curtain  extinct  forms  of  Lithothammon, 
according  to  A.  Rothpletz  (op.  eit.  inpra  p.  6). 

In i4in/>iir(Ki  cotiis  imdAviphiroa  rtyi'datheoonoentrioUTangement 
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of  oella  IB  exoellently  Men  (Fig.  11).    The  oelb  bt«  fvrly  Utrge, 
and  oooupy  the  whole  spaoe  between  eaoh  dark  ooooentrio  line. 


_n-r  -*iin-"*'-innrT  *-■  '^-^  ^  n  . 


Jig  » 


K  ISO  d.  (modiflad  aftw 


In  another  form,  Melaheiia  de/ormaru,  it  is  neoeeury  to  note  the 
irrangement  of  the  epore-bearing  cells  (sporangia)  in  relation  to 
tlie  ttasue'Cells  of  the  thallas.  Ilie  illuBtratioa  in  Fig.  12  will 
clearly  ahow  this,  where  the  larger  oella  are  tetraapore-produoing 
cells,  and  the  amtdler  the  ordinary  tiBsue-oells  of  the  thalloa. 


Let  IIS  now  examine  the  points  wherein  the  ancient  form  SoUnopora 
reseuiblee  members  of  the  group  of  calcareous  Algee. 

(a.)  Slnetwe,  ffrotcth,  and  ^rranj^emenf  o/  timue-eeUi. 

la    existing  fonoa  of  CoralUt^a  the  oonoentrio  arrangement  of 

cells,  though  very  general,  is  not  always  observed.    Aa  regards 
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SoUnopora,  it  is  most  distinot  in  some  speoimens  of  8,  eompacia 
(Fig.  1),  S.  liihothamnioidea  (PL  Y.  Fig.  2),  and^.  fu9iformi$ 
(PL  y.  Fig.  4),  in  which  speoies  the  arrangement  is  quite  com- 
parable to  what  obtains  in  Amphiroa  (Fig.  11).  To  the  naked  eye 
mostly  all  these  species  appear  to  have  these  concentric  rings.  Under 
the  microscope,  however,  this  appearance,  in  many  oases,  is  not  so 
distinct,  and  the  dark  rings  do  not  correspond  with  the  jnnction 
between  neighbouring  concentric  rows  of  cells;  but  there  is  a 
thickening  over  a  wider  area  (see  PL  V.  Fig.  3).  This  is  really  the 
condition  we  observe  in  specimens  of  Nullipores  (ef.  PL  Y.  Fig.  1 
and  Fig.  8).  In  some  cases  the  cause  of  the  concentric  markings 
is  partly  due  to  the  concentric  areas  of  secondary  crystallization 
{e.g.  in  Solenopora  Juratsiea).  Again,  the  appearance  and  structure 
of  the  cell-walls  are  very  similar  in  Solenopora  Jurasnea  and 
CoralUna  mediterranea.  In  both,  the  transverse  cell- walls  are 
concave  on  the  peripheral  side  (Figs.  4  and  10).  In  the  case  of 
Solenopora  lithothamnioides  and  lAihothatnnion,  each  concentric  layer 
is  composed  of  numerous  cells  arranged  in  parallel  rows  {cf.  PL  Y. 
Figs.  1  and  2),  the  main  difference  between  the  two  forms  consisting 
in  the  fact  that  the  cell-walls  of  the  latter  are  thickened  over  a 
wider  area,  whereas  those  of  the  former  are  thickened  only  along 
each  of  the  concentric  lines.  In  Solenopora  eompacia  we  find  the 
sub-dichotomous  and  sub-trichotomous  origin  of  peripheral  cells, 
refen-ed  to  in  the  first  part  of  my  paper.  This  method  of  increase  is 
characteristic  of  CoralUna  mediterranea  and  Uthothamnion  {cf.  Figs. 
1  and  10).  It  probably  also  occurs  in  Solenopora  Jurassica  and 
Solenopora  nigra.  In  all  the  forms  mentioned,  both  fossil  and 
recent,  increase  in  number  of  cells  is  more  common  by  longitudinal 
than  by  transverse  fission.  It  is  pointed  out  by  A.  Rothpletz 
{op.  cit.  supra  p.  6)  that  longitudinal  fission  is  quite  characteristic 
of  certain  extinct  forms  of  lAthothamniony  and  that  in  these  this  is 
the  ordinary  method  of  growth.  Thus  we  have  a  distinct  likeness 
in  the  mode  of  cell-division  between  the  genus  Solenopora  and 
the  calcareous  Algso.  Lastly,  account  must  be  taken  of  the  form 
of  cells  found  in  S.  fusiformis  and  in  S.  dendriformis.  In  the 
former  the  cells  lying  in  each  concentric  layer  have  a  fusiform 
appearance,  and  to  a  greater  or  less  extent  dovetail  into  each 
other  (PL  Y.  Fig.  4).  This  condition  is  of  very  common  occur- 
rence in  the  vegetable  kingdom  ;  and,  with  the  next  point  to  be 
mentioned,  affords  a  strong  proof  of  the  cellular  nature  of  the 
genus.  In  S.  dendriformis  the  cells  in  cross  section  show  a  peculiar 
branching  condition,  mostly  in  a  horizontal  direction,  the  branches 
filling  up  all  the  interspaces  between  the  bodies  of  the  cells.  This 
structure  forcibly  reminds  one  of  what  is  characteristic  of  certain 
Algee,  in  which  certain  cells  of  the  thallus  assume  a  branching  habit, 
e.g.  in  Fucub. 

Thus  the  forms  of  the  cells  and  cell-walls,  the  method  of  increase, 
and  the  arrangement  of  the  tissue-cells  in  the  various  species  of 
Solenopora  bear  strong  evidence  of  relationship  between  that  genus 
and  the  calcareous  Algas. 
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(h.)  Site  of  the  eella  of  Solenopora. 
It  ma;  be  objected  that  einoe  the  oells  of  Solenopora  are  so 
much  larger  than  those  of  a  Nullipore,  the  genas  Solenopora  oaa 
hardly  be  compared  with  the  reoent  oaloareous  Algee.  A  oompariaon 
between  the  oella  of  various  genera  of  tho  Coralliness  and  the  oells 
of  the  genua  Solenopora,  will  dispel  all  suoh  objeotions,  A  glanoe 
at  Fig.  13  showa  the  marked  variationa  in  the  size  of  the  oella 
of  a  reoent  Nullipore  (A),  of  Amphiroa  exilit  (B),  of  Solertopora 
piformit  (C),  and  of  Solenopora  Juratiica  (D),  alt  being  drawn  to 
the  same  soale. 


Jig  10 

FlO.  13.— A  Cells  of  a  recent  Nullipara  ILitholhaninion).      x  160  d, 

B  Cells  of  Amphiroa  txilii.      x  160  d.  (mnditled  after  Solmi-Laubacli). 

C  Cells  at  SoUaopsraJitiformit,  Nich.      x  160  d. 

D  CellB  of  Solenopora  Juraaica,  Nich.      x    160  d. 

Such  an  illustration  at  once  clears  up  any  difSoulty  on  the  above 
poiot,  for  there  appear  to  exist  all  gradations  of  size  of  the 
tissue-cells. 

(c.)  Beproductive  organt. 

Evidence  in  r^^rd  to  these  is  not  yet  so  complete  as  one  would 
wish ;  still,  examination  of  acme  specimens  clearly  shows  traces  cf 
structures  that  can  be  acootinted  for  in  no  other  way  than  by 
regarding  them  aa  the  remains  of  reproductive  organa. 

Thus,  a  specimen  of  Solenopora  compaeta,  var.  Trentonenits,  on 
examination  of  a  tangential  sectiou.  is  seen  to  possess  two  distinct 
kinds  of  oells,  as  mentioned  above  in  the  description  of  this  species. 
The  larger  cells  here  (Fig.  2)  are  sporangia,  and  can  be  compared 
with  the  sporangia  of  Melobetia  defomtant  (Fig.  12),  where  they 
exist  aa  large  cells  among  the  ordinary  tissue-cells  of  the  thaltus. 

Again,  a  tangential  section  of  a  specimen  of  Solenopora  JuraMiea, 
shows  certain  spaces  amongst  the  general  cellular  mua.  These 
spaces  are  oval  or  circular  in  form,  and  in  one  specimen  from 
MaltcD,  Yorkshite,  are  arranged  in  a  oonoentrio  row.    The  latter 
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specimen,  however,  wu  lo  maoh  de«trojr«d,  thftt  one  ooi 
with  certainty,  decide  u  to  the  true  etate  of  mfttten. 
examination  of  Buoh  specimens  will  olear  op  all  donbt  m 
existeDoe  of  these  spaoee.  In  the  same  sections  sre  seen 
of  cells  at  intervals,  arr&nj^  in  rosette-like  fssbiou  (Fig.  6 
is  impressed  with  the  striking  aimilnritj  all  this  bean  to  t 
ceptacle-s paces  and  the  oanala  of  Litholhanution  (Figs.  8  and 
rosette-oells  of  Solenopora  representing  the  similarly  snang 
oronnd  those  canals.  It  is,  therefore,  highly  probable  that  tb 
observed  in  S.  Jaraatiea  are  really  the  remains  of  once  existi 
oeptacles,  and  that  the  rosette-cells  surrounded  the  passages 
into  them.  It  will,  however,  require  further  and  more  e 
obaervatioQ  to  confirm  such  oonditions  as  these. 

(d.)  Model  rf  Oeenrrmce, 
It  may  be  ohjeoted  that  these  forms,  here  referred  to  Hi 
Solenopora,  are  not  in  fact  generioally  identical.  Such  an  o1 
however,  must  bll  to  the  ground,  for  it  is  impossible  to  c 
the  fundamental  likeness  which  subsists  among  them  alL 
are  found  under  the  same  conditions,  associated  in  the  san 
of  rooks,  and  taking  part  in  the  formation  of  the  same  great 
of  limestone,  whether  they  belong  to  the  Ordovician,  the  I 
or  the  JuruBsic  systems.  They  have,  too,  the  same  external 
teristios,  having  the  appearanoe  of  pebbles  or  concretions 
lobulated  or  subspherioal  outline.  On  fracture  the  surface 
present  a  poroellanoue  or  fibrous  aspect,  and  exhibit  the 
terietic  concentric  structure.  Many  of  the  Solenopora  lii 
show  scarcely  any  differences  in  outward  and  internal  apj 
from  the  ordinary  Nullipore  limestones;  and,  indeed,  it 
very  difficult  to  distinguish  between  them. 

(e.)  Dij^uitiea  in  retaining  the  genui  Soleaopora  in  the  A 
Kingdom. 

In  assigning  the  genus  Solenopora  to  a  definite  place  in  t 
of  life,  it  seems  clear  that,  if  an  animal  at  all,  it  must  be  rel 
some  group  or  other  of  the  Cceleut«rates.  But  no  recent  Gcel 
has  zoiiidal  tubes  as  minute,  or  nearly  as  minute,  as  are  < 
Solenopora.  This  is  the  great  diffioulty  in  assigning  to  th 
a  place  in  the  Animal  Kingdom.  StiU  more,  were  it  of 
origin,  would  it  be  difficult  to  aooouut  for  the  largely  fa 
cells  of  Solenopora  dtndri/ormit,  the  fusiform  oells  of  Sa 
fuii/ormit,  and  the  essentially  eelltdar  nature  of  the  skel 
well-preserved  examples.  Taking  all  the  evidence  as  we  m 
it,  we  may  reasonably  oonolade  that  the  genus  cannot  be 
to  the  Actinozoa  ;  and  "  we  cannot  refer  it  lo  the  Eydre 
we  are  not  acquainted  with  any  Eydrozodn,  living  or  extin 
which  Solfaopora  could  be  compared.  It  shows  no  featur 
minute  structure  which  remind  us  of  the  Hydrooorallines 
assuredly  presents  no  structural  resemblance  to  any  knoT 
of  the  Stcomatoporoids  "  (Nicholson). 
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On  the  other  hand,  I  have  heen  ahle  to  determine  with  more  or 
less  certainty  that  the  structure  of  Solenopora  is  truly  cellular  and 
not  tubular,  a  determiuation  which  Prof.  Nicholson  clearly  foresaw 
as  the  possible  result  of  further  investigation.  I  have  shown  that 
the  structure  of  the  cells  and  cell-walls  and  the  mode  of  gprowth 
are,  in  certain  cases,  exceedingly  similar  to  those  of  certain  recent 
and  extinct  Corallineaa;  and  I  have  further  shown  that  the  com- 
paratively large  size  of  the  cells  in  Solenopora  need  not  necessarily 
be  a  barrier  to  our  regarding  the  genus  as  truly  referable  to  the 
calcareous  AlgsB.  Lastly,  I  have  been  able  to  demonstrate  in 
some  forms  of  Solenopora  the  existence  of  structures,  which 
in  all  essential  respects  may  be  fairly  compared,  some  with  the 
"  tetrasporangia,"  and  others  with  the  "  conoeptadea "  of  recent 
CorallinesB. 

Upon  the  whole,  therefore,  the  balance  of  evidence  seems  to  be 
nnequivooally  in  favour  of  the  reference  of  the  genus  Solenopora  to 
the  series  of  the  Nullipores.  Should  this  view  be  finally  established, 
it  will  be  an  interesting  proof  of  the  extent  to'  which  the  calcareous 
Algce  have  taken  part  in  the  formation  of  the  older  of  the  Palsdozoic 
limestones,  as  they  are  already  known  to  have  done  in  the  case  of 
some  of  the  Tertiary  and  Secondary  limestones.  This  proof  will 
be  still  farther  enforced  if,  as  seems  extremely  probable,  it  should 
ultimately  be  shown  that  OirvaneUa,  Nich.  and  Eth.,  is  really 
referable  to  the  Siphonea  verUcillata. 


III. — On  the  Besults  of  Unstmmetbioal  Goolinq  and  Bedistri- 
BUTioN  of  Temperature  in  a  Shrinkinq  Globe  as  applied  to 
THE  Oriqin  of  Mountain  Banqes.^ 

By  T.  Mellard  Rbads,  C.E.,  F.G.S.,  etc. 

HAVING  been  honoured  by  an  invitation  to  state  to  your  Society 
the  physical  principles  upon  which  my  Theory  of  the  Origin 
of  Mountain  Banges  is  founded,  I  do  so  with  the  greater  pleasure 
knowing  that  it  will  receive  a  searching  criticism  at  your  hands, 
from  which  I  hope  to  derive  considerable  benefit  My  audience 
hitherto  having  been  mostly  geological,  the  physical  principles 
involved  have  been  to  some  extent  subordinated  to  geological 
conditions. 

In  addressing  you  I  purpose  adopting  the  opposite  method  to  that 
in  which  I  have  expounded  the  process  of  Mountain  formation,  as 
I  conceive  it  to  have  taken  place,  to  my  geological  brethren.  In 
the  natural  way  in  which  the  subject  has  developed  itself  in  my 
own  mind,  I  commenced  with  the  facts  of  geology  and  reasoned 
backwards  to  the  principles.  On  the  present  occasion  I  intend  to 
state  a  few  of  the  leading  physical  principles,  and  to  unfold  how 
the  facts  of  Geology,  of  Mountain  Upheaval  and  Structure  have 
come  about 

>  Bead  before  the  Liyerpool  Phjsical  Society,  January  29th,  1894. 
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The  Earth  eansidered  a$  a  HamogeneouB  CooUng  Solid, 

Adopting  Lord  Kelvin's  view  as  stated  in  Thomson  and  Taifs 
Natural  Philosophy  (1867,  pp.  711-727),  that  since  the  beginning 
of  Geological  Time  the  Earth  has  been  a  highly  heated  solid  body 
cooling  into  space  by  being  kept  at  a  constant  lower  temperature 
at  the  surface,  we  will  try  and  trace  out  the  physical  consequences 
that  must  follow.^  We  will,  for  the  purposes  of  investigation,  first 
assume  that  the  globe  is  homogeneous  throughout  and  that  the 
cooling  and  outward  flow  of  heat  is  equable  on  all  radii,  or  otherwise 
symmetrical.  Lord  Kelvin  assumes  that  at  the  time  of  first  solidifi- 
cation the  augmentation  of  temperature  downwards,  or  the  temperature 
gradient,  was  1^  Fahr.  in  10  feet,  which  has  gradually  decreased  to 
1^  in  50  feet,  this  being  taken  as  the  average  at  the  present  time. 

The  time  that  has  elapsed  between  these  two  conditions  hardly 
forms  an  element  in  our  present  considerations ;  but  Lord  Kelvin,  in 
the  paper  referred  to,  worked  it  out  to  96,000,000  years.  On  p.  719 
is  a  diagram,  one  curve  on  which  shows  the  excess  of  temperature 
above  that  of  the  surface ;  the  other  shows  the  rate  of  augmentation 
of  temperature  downwards  that  has  taken  place  in  100  million  years  of 
cooling.  Lord  Kelvin  says :  '*  Thus  the  rate  of  increase  of  tempera- 
ture from  the  surface  downwards  would  be  sensibly  -jV  of  a  degree 
per  foot  for  the  first  100,000  or  so ;  below  that  depth  the  rate  of 
increase  per  foot  would  begin  to  diminish  sensibly.  At  400,000  feet 
it  would  have  diminished  to  about  yir  of  a  degree  per  foot;  at 
800,000  feet  it  would  have  diminished  to  less  than  tV  of  its  initial 
value,  that  is  to  say  to  less  than  T^nr  of  a  degree  per  foot ;  and  so 
on,  rapidly  diminishing  as  shown  in  the  curve.  Such  is  on  the 
whole  the  most  probable  representation  of  the  earth's  present 
temperature  at  depths  of  from  100  feet,  where  the  annual  variations 
cease  to  be  sensible,  to  100  miles,  below  which  the  whole  mass,  or 
all  except  a  nucleus  cool  from  the  beginning,  is  (whether  liquid  or 
solid)  probably  at  or  very  nearly  at  the  proper  melting  temperature 
for  the  pressure  at  such  depth." 

Level'  of 'No-  Strain. 

If  these  conclusions  be  just  it  is  very  obvious  that  not  much  more 
than  a  superficial  shell  of  the  earth  has  been  affected  by  cooling. 
A  hundred  miles  is  but  -^  part  of  the  earth's  radius.  Let  us  see 
how  this  affects  the  distribution  of  stresses  and  strains  in  a  solid 
homogeneous  globe. 

It  will  need  a  little  consideration  to  see  that  there  are  two 
elements  involved — radial  contraction  and  circumferential  con- 
traction. Both  radial  and  circumferential  contraction  are,  as  we 
see,  practically  confined  to  a  shell  150  miles  thick  (800,0CK)  feet). 
Commencing  very  gradually  from  zero  at  the  surface  the  contraction 
increases  in  intensity  until  it  attains  a  maximum  at  about  50  miles, 
it  then  finally  graduates  into  a  practical  zero  at  150  miles  deep. 

*  See  also  Sir  W.  Thomson,  Brit.  Assoc.  Report,  1876,  and  Dr.  C.  H.  Darwin, 
Phil.  Trans.  1879,  part  i.  It  is  considered  that  the  earth  is  as  rigid  as  steel,  or  at 
least  glass,  from  the  surface  to  the  centre. 
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The  oiroumferential  rate  of  oontraotion  of  the  sphere  may  be 
conceived  as  gradually  increasing  from  zero  at  the  surface  in  suc- 
cessive infinitesimal  zones  or  shells,  until  the  maximum  contracting 
shell  is  attained,  when  the  circumferential  rate  of  contraction  again 
diminishes,  until  practical  zero  is  arrived  at  150  miles  below  the 
surface. 

In  all  these  zones  or  shells  the  circumferential  contraction  is 
equal  throughout  for  each  particular  shell.  What  I  have  called  the 
circumferential  contraction  is  equal  throughout  the  circle,  whereas 
the  radial  contraction  differs  at  every  point  and  is  practically  con- 
fined to  -sV  of  the  radius. 

What  will  happen  is  this :  There  will  be  one  particular  shell 
which  will  have  the  same  rate  of  circumferential  contraction  as  the 
average  radial  contraction  taken  from  the  point  of  intersection  to  the 
centre  of  the  sphere.  At  this  zone  or  surface  there  will  be  neither 
tension  nor  compression,  no  deformation  in  fact,  and  it  is  to  this 
zone  that  the  name  of  level-of-no-strain  has  been  applied.  Above 
the  level-of- no-strain  the  shells  will  be  in  compression,  beginning 
at  zero  at  the  level -of-no- strain  and  finishing  at  the  surface  with  the 
maximum.  Below,  the  shells  will  be  in  tension,  beginning  at  zero 
at  the  level-of-no-strain,  increasing  to  a  maximum  at  about  50  miles 
deep,  and  then  shading  off  to  nothing,  150  miles  below  the  surface. 

This  is  a  short  statement  of  the  principle  I  was  the  first  to 
enunciate  in  chap.  xi.  of  the  ''Origin  of  Mountain  Ranges,"  pub- 
lished in  1886,  in  which  I  showed  that  the  shell  of  compression 
could  not  be  more  than  a  few  miles  thick,  or,  to  state  it  otherwise, 
that  the  neutral  zone  or  level -of-no-strain  between  the  shell  in 
compression  and  the  shell  in  tension  could  not  be  more  than  a  few 
miles  below  the  earth's  surface. 

I  reproduce  by  the  lantern  the  original  diagram  from  the  "  Origin 
of  Mountain  Ranges."  From  this  it  follows  that  symmetrical 
secular  cooling  produces  tensile  strains  in  by  far  the  larger  bulk 
of  the  earth  already  affected  by  such  cooling. 

Previous  to  this  demonstration  it  had  been  customary  to  look  at 
the  globe  as  consisting  of  a  rigid  crust  in  compression  adapting 
itself  to  a  shrinking  nucleus  without  intermediate  gradations. 
Reasoners  desirous  of  explaining  in  this  way  the  rugosities  of  the 
earth's  surface,  and  the  great  evidences  of  lateral  pressure  shown 
by  the  folding  of  strata  in  mountain  ranges,  assumed  whatever 
thickness  they  thought  necessary  for  their  theory,  one  well-known 
geologist  even  placing  the  crust  in  compression  at  800  miles.  The 
idea  that  any  part  of  the  shrinking  globe  was  in  tension  did  not 
seem  to  have  occurred  to  any  of  the  physicists  or  geologists  who 
paid  attention  to  the  subject.  I  may  add,  as  a  matter  of  private 
history,  that  this  conception,  which  had  been  floating  about  in  my 
mind  for  a  long  time,  was  jotted  down  by  me  in  a  note  five  years 
before  publication. 

Since  my  work  appeared,  Mr.  C.  Davison  contributed  a  paper  to 
the  Royal  Society  (read  April  7th,  1887)  entitled,  "  On  the  Distri- 
bution  of  Strain  in  tJie  Earth's  Crust  resulting  from  Secular  Cooling," 
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in  which  he  arriTes  at  praotioallj  the  same  resalts  as  mjselfL  He 
treats  the  problem  mathematically,  and  locates  the  level-of-no-Btrain 
five  miles  below  the  surface  after  174  million  years  of  cooling. 
Attached  to  the  paper  is  an  Appendix  by  Prof.  George  Darwin,  in 
which  he  calculates  that  after  100  million  years  of  oooling  the  level- 
of-no-strain  would  be  two  miles  deep.  The  Bev.  Osmond  Fisher 
has  devoted  a  considerable  amount  of  attention  to  the  subject,  and 
arrives  at  even  a  less  result  I  also  showed  that,  whether  we  look 
at  the  earth's  nucleus  as  solid  or  liquid,  the  level-of-no-strain  would 
still  be  located  in  the  hard  shell  or  within  the  crust.  Mr.  Fisher 
has  mathematically  investigated  the  problem  on  the  assumption  that 
there  is  a  liquid  zone  between  a  hard  outward  crust  and  a  solid 
nucleus,  and  places  the  level-of-no-strain  on  this  hypothesis  of  the 
condition  of  the  earth's  interior  at  four  miles  deep.  Some  people 
find  a  difficulty  in  taking  in  these  conceptions.  Perhaps  it  will 
help  them  to  think  of  a  ball  of  plastic  clay  drying.  If  it  be  dried 
slowly  it  parts  with  its  moisture  so  equably  that  it  becomes  hard  and 
solid  without  cracking.  If,  on  the  contrary,  the  drying  is  forced, 
it  becomes  fissured  all  over,  because  the  surface  portions  contract 
more  rapidly  than  the  interior  portions.  This  illustrates  the  con- 
tracting shell  of  the  earth;  but  the  contracting  shell  of  the  earth 
does  not  necessarily  fissure,  because  of  the  weight  of  strata  above, 
which  keeps  it  solid  by  what  I  have  called  "  compressive  extension." 
The  clay  ball,  however,  gives  no  illustration  of  the  shell  of  the 
earth,  which  is  in  compression  ^cause  its  matter  does  not  gravitate 
towards  its  own  centre  but  towards  that  of  the  earth. 

Irregular  condition  of  the  EariKs  Cooling, 

The  earth  is,  however,  not  an  inert  homogeneous  ball,  cooling 
equably  into  space,  so  it  will  be  necessary  to  trace  out  the  various 
modifying  influences  acting  upon  its  surface.  Chief  of  these  is 
denudation  and  sedimentation.  We  may  assume  that  in  the  planet's 
early  history,  volcanic  action  brought  certain  portions  of  the  earth, 
either  by  upheaval  or  accumulation  of  ashes  and  lava,  above  the 
surface  of  the  water  as  land.  Then  the  land  areas  came  under  the 
joint  influences  of  marine  action  and  what  is  known  as  *'subaerial 
denudation."  The  result  was  that  large  areas  of  the  crust  became 
covered  with  thick  layers  of  sediment,  lava  flows,  and  ashes.  What 
would  be  the  efiect  of  this  padding  upon  the  outflow  of  heat? 

In  1834  Babbage,  reasoning  upon  the  causes  which  have  produced 
the  oscillations  of  level  of  the  Temple  of  Jupiter  Serapis,  in  the 
Bay  of  Baie,  pointed  out  that  the  addition  of  sediment  to  any  part 
of  the  earth's  crust  must  raise  the  temperature  of  the  portion  of  the 
crust  it  covers.* 

^  These  consequences  are  worked  out  in  a  Tery  ingenious  manner,  considering  the 
time  at  which  it  was  written,  by  Babbage  in  the  9th  Bridgwater  Treatise,  in  the 
Appendix  Note  F,  pp.  182-201.  Sir  John  HerscheFs  views,  having  a  somewhat 
similar  bearing,  with  the  addition  of  what  is  now  called  Isostacy,  are  also  given  in 
a  letter  to  Lyell,  dated  1836,  and  published  in  Note  1,  pp.  202-217. 

I  had  not  read  these  remarkably  luminous  sketches  of  a  theory  of  elevation  and 
subsidences  until  long  after  the  puolication  of  my  **  Origin  of  Mountain  Ranges." 
The  ideas  are  far  in  advance  of  tne  times,  but  are  incomplete  as  not  accounting  for 
lateral  pressure.    Columnar  expansion  is  the  only  thing  considered. 
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Let  us  assnme,  as  Lord  Kelvin  does,  that  the  average  rate  of 
augmentation  of  temperature  downwards  is  now  1^  F.  in  50  feet. 
In  the  early  stages  of  the  earth's  geological  history,  as  we  have  seen, 
it  must  have  increased  very  much  more  quickly ;  hut  we  will  deal 
with  the  problem  under  present  average  conditions,  which  is  stating 
the  case  in  its  worst  aspect  for  my  theory.  Also,  it  will  be  con- 
venient to  assume  that  the  sediments  are  being  laid  down  in  a 
shallow  trough  or  basin  of  the  ocean  bordering  a  great  continent, 
and  that  the  waste  of  a  very  great  area  of  land  is  being  deposited 
ofif  shore  in  waters  of  varying  depths.  It  is  a  pretty  well  established 
fact  that  the  area  of  deposition  in  such  a  case  is  considerably  smaller 
than  the  area  of  denudation.  If  we  take  the  waste  of  the  continental 
land  at  a  mean  of  1  foot  in  3000  years,  the  rate  of  deposition  on  the 
average  will  be  as  much  more  as  the  basin  of  deposition  is  smaller 
than  the  area  of  denudation,  so  if  it  be  one- third,  the  mean  rate  of 
deposition  will  be  1  foot  in  each  thousand  years.  I  merely  give 
these  figures  just  to  put  the  matter  in  somewhat  like  true  per- 
spective. 

The  sediment  will  all  be  laid  down  at  an  uniform  temperature,  say, 
of  50^ ;  but  as  the  matter  accumulates  a  temperature  grade  will  be 
established  in  course  of  time  corresponding  with  the  temperature 
grade  due  to  the  secular  cooling  of  the  earth  as  a  whole ;  in  other 
words,  sediments,  by  obstructing  the  outward  flow  of  heat,  will 
augment  the  temperature  downwards,  so  that  the  rocks  of  the  ocean 
floor  upon  which  the  sediments  rest  will  be  at  a  temperature  due  to 
that  depth. 

If  a  mile  of  sediments  have  accumulated — and  this  is  a  mere  trifle 
in  the  sedimentary  crust  of  the  globe — and  the  temperature  gradient 
ia  1°  for  every  50  feet,  the  rocks  originally  having  a  temperature 
of  50^  F.  will  be  raised  to  155*6°,  and  this  increase  of  temperature 
will  eventually  afifect  in  a  diminishing  degree  the  whole  of  the 
rocks  underlying  the  area  of  deposition.  This  effect  is  described  in 
precise  language  by  saying  that  the  deposition  of  sediment  raises 
the  **  isogeotberms  "  or  isothermal  surfaces  in  the  underlying  part 
of  the  earth's  crust.  We  have  assumed  for  the  sake  of  simplicity, 
that  the  sediments  deposited  have  the  same  mean  conductivity  as 
has  been  inferred  for  the  whole  of  the  earth's  crust.  It  is  possible 
that  the  mean  conductivity  of  the  sediments  may  be  less,  as  ex- 
perimental proof  has  been  given  that  rocks  are  better  conductors 
along  the  bedding  planes  than  across  them,  and  underlying  rocks 
are  often  on  edge.^  If  the  sediments  are  worse  conductors  the 
increase  of  heat  downwards  would  be  more  rapid,  if  better  con- 
ductors the  rate  would  be  less. 

It  will  now  be  seen  that  the  laying  down  of  sediment  conserves  the 
heat  of  the  underlying  part  of  the  globe,  so  that  the  rate  of  waste 
or  secular  cooling  is  not  so  high  under  sedimentary  areas  as  under 

*  Prof.  Joseph  Preatwich  observes  (Proc.  Boyal  Soc.  1866):  **"With  respect  to 
the  possibility  of  change  in  the  thermometric  gradient  at  great  depths,  it  is  known 
that  the  conductivity  of  wrought  iron  diminishes  as  the  temperature  increases." 
From  this  he  infers  that  the  thermometric  gradient  may  increase  at  great  depths. 
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the  uncovered  areas,  and  especially  the  areas  subjected  to  denudation, 
for  denudation  will  act,  of  oourse,  in  an  opposite  manner  and  depress 
the  isogeotherms,  but  not  at  the  same  rate,  as  the  mean  rate  of 
denudation — being  over  a  larger  area — is  less,  as  I  have  shown,  than 
the  mean  rate  of  deposition,  which  is  over  a  smaller  area. 

And  here  I  would  point  out  that  whether  the  covering  material 
be  aqueous  sediment  or  volcanic  ashes  or  lava  sheets,  the  principle 
of  conservation  of  the  internal  heat  of  the  globe  is  the  same.  I 
think,  however,  that  the  non-conductive  property  of  ashes  would 
be  much  greater  than  ordinary  sediments,  and  combined  with  lava 
sheets — whether  extrusive  and  laid  down  on  the  surface,  or  intrusive 
like  the  Great  Whin  Sill — they  would  bring  actual  additions  of 
heat  as  well  as  matter  to  the  conservative  covering. 

As  the  larger  part  of  the  earth's  surface,  so  far  as  we  are  enabled 
to  examine  it,  is  on  the  continental  areas  covered  with  aqueously 
derived  sediment,  sometimes  interstratified  with  volcanic  and 
plutonic  rocks,  and  the  remainder  is  covered  with  or  consists  of 
igneous  rocks,  such  as  granite  or  basalt,  or  of  old  gneiss  or  meta- 
morphic  rocks  made  out  of  any  of  these  rocks,  we  at  once  see  that 
we  must  not  limit  our  view  of  the  earth  to  that  of  an  inert  body 
cooling  from  its  outer  envelope  into  space,  but  of  such  a  body 
subject  to  secular  cooling  and  to  the  reactions  brought  about  by 
meteorological  influences  and  to  the  irregularities  of  cooling  and 
consequent  expansion  and  contraction  which  have  taken  place  from 
the  beginning  of  geological  history,  and  is  evidenced  by  all  the 
surface  phenomena  with  which  we  are  acquainted. 

The  Shell  of  Compression, 

We  will  now  go  back  to  the  point  from  which  we  started  and, 
looking  at  the  globe  as  an  inert  mass  cooling  symmetrically  into 
space,  try  and  quantitatively  examine  whether  the  shell  of  com- 
pression, forced  by  its  own  gravitation  to  adapt  itself  to  the  shrink- 
ing globe,  is  sufficient  to  account  for  the  corrugation  of  the  earth's 
surface,  together  with  its  volcanic  phenomena,  as  was  hitherto  held  by 
most  geologists,  and  still  is  by  some,  though  in  a  hesitating  sort  of 
way.*  I  prefer  to  treat  this  in  a  very  simple  manner,  bo  as  to  bring 
it  within  the  comprehension  of  the  ordinary  mechanical  mind.  We 
have  seen  that,  according  to  Lord  Kelvin's  results — in  which,  I 
believe,  most  physicists  concur — the  practical  cooling  of  the  earth 
only  reaches  down  now  about  150  miles.  Let  us  assume  that  this 
shell,  150  miles  deep,  has  cooled  an  average  of  1000^  since  the 
beginning  of  Cambrian  times.  It  has,  of  course,  on  the  hypo- 
thesis cooled  much  more  at  the  zone  of  greatest  contraction, 
but  almost  nothing  at  150  miles  deep.  It  seems  to  me  altogether 
too  ample  an  allowance  for  loss  of  heat  by  secular  cooling  in 
the  selected  time,  but,  whether  it  be  too  little  or  too  much, 
it  will  give  us  the   sense  of  proportion  we  require  to  form  our 

1  See  Le  Conte — '*  Theories  of  the  Origin  of  Moantain  Ranges,"  Nature,  Oct.  6tii, 
1893,  and  my  examination  thereof,  entitled  **  Genesis  of  Mountain  Banges,"  Natural 
Science,  Not.  1893. 
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conception.  AooordiDg  to  a  series  of  experiments  made  by  myself 
and  recorded  in  the  ''Origin  of  Mountain  Banges,"  the  mean 
expansion  of  the  various  rocks  of  which  the  earth  is  composed  is 
about  2-75  feet  per  mile  for  every  100^  F.  This  result  is  well 
within  the  mark  on  oomparison  with  other  investigations  and,  as  I 
use  the  coefficient  throughout,  if  it  be  not  absolutely  correct  it  will 
be  true  for  purposes  of  oomparison. 

The  linear  contraction  of  150  miles  of  rock  cooled  1000^,  using 
this  coefficient,  would  be  4125  feet,  but,  as  the  contraction  of  the 
shell  150  miles  deep  is  voluminal,  the  contraction  in  thickness  of  the 
shell  would  be  three  times  this,  or  12,375  feet,  or=2*344  miles.  This 
would  be  the  radial  contraction  of  the  globe  from  the  commencement 
of  the  Cambrian,  which  would  give  us  a  circumferential  contraction 
of  77,715  feet,  or  14*72  miles.  This  radial  contraction  is  in  excess 
of  what  Mr.  Osmond  Fisher,  a  well-known  mathematician  and 
geologist,  has  estimated,  taking  the  temperature  of  solidification  at 
4000^  F.,  for  the  whole  geological  history  of  the  globe.^  I  wish  to 
be  liberal,  and  it  will  serve  my  purpose. 

We  thus  have  a  linear  lateral  movement  or  circumferential  con- 
traction in  the  shell  of  compression  of,  say,  15  miles  wherewith  to 
build  up  all  our  mountain  chains  and  produce  the  rugosities  of  the 
earth's  surface  that  have  been  created  since  the  beginning  of  the 
Cambrian.  These  rugosities  do  not  all  exist  now,  as  they  have  been 
planed  down  again  and  again  by  denudation  while  otherwise  grow- 
ing from  age  to  age.  The  highest  mountains  of  the  earth  are  of  the 
latest  formation,  viz.  of  Tertiary  age,  and  it  is  conceded  by  most 
geologists  that  they  are  so,  not  because  they  were  initially  higher,  but 
because  denudation  has  not  been  at  work  on  them  so  long  as  on  the 
mountains  of  preceding  periods.  According  to  the  greatest  estimate 
of  the  depth  of  the  level- of- no-strain  it  is  only  at  the  present  time 
5  miles  below  the  surface,  so  that  the  mountain-making  capacity  of 
the  shell  of  compression  ceases  altogether  at  that  depth. 

This,  of  course,  is  utterly  inconsistent  with  the  production  of  the 
phenomena  of  mountain  chains,  where  we  find  stratified  rocks  forced 
up  to  the  surface  from  much  greater  depths,  and  the  granitic  and 
gneissic  axes,  which  form  a  distinguishing  feature  of  all  great  ranges, 
give  evidence  of  deep-seated  forces  acting  far  below  the  stratified 
crust. 

Again,  the  volcanic  phenomena  cannot  be  explained  by  the  lateral 
pressure  of  the  contracting  crust,  as  these  again,  it  is  admitted,  have 
a  deep-seated  origin. 

When,  therefore,  we  examine  this  theory  of  mountain  ranges 
originating  from  compression  of  the  crust  induced  by  the  shrinkage 
of  the  globe  we  prove  it  quite  inadequate  to  explain  the  phenomena. 

^  Mr.  0.  Fisher,  taking  the  temperature  of  solidification  at  4000°  F.  and  the  time 
at  33  million  years,  arrives  at  a  total  radial  contraction  of  2  miles.  If  the  tempera- 
ture of  solidincation  were  7000°  F.  and  the  time  98  million  years,  the  total  radial 
contraction  would  be  6  miles.  These  calculations  cover  the  whole  of  the  time  since 
first  solidification,  whereas  the  time  I  am  dealing  with  is  from  the  beginning  of  the 
Cambrian,  probably  not  half  the  time  that  has  elapsed  since  the  first  solidification  of 
the  globe.— See  Fisher,  Phil.  Mag.  1888,  pp.  7-20. 
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On  the  ooDtnry,  we  find  that  the  cooling  theU  of  tlie  globe  for  a 
depth  of  145  milee  below  the  level-of-no-strain  is  aotnally  con- 
tract ing,  bnt  in  degrees,  varying  with  Tertical  position ;  that  the 
etreesee  are  tensile,  rupture  being  avoided  by  the  gravitation  of 
the  overlying  masses  dosing  up  otherwise  possible  cavities  bj  com- 
pressive extension. 

But  if  we  look  at  the  globe  as  a  mass  which  is  not  losing  heat 
equably  but  is  contracting  at  one  locality  and  expanding  at  another, 
though  still  on  the  whole  undergoing  secular  refrigeration,  it  will 
not  help  what  is  known  as  the  "  contraction  theoiy  "  of  mountain 
building.  The  effects  calculated  in  this  paper  as  possibly  due  to  the 
condensation  of  the  shell  of  compression  will  be  less,  more  insular, 
and  difficult  to  trace  out.  Indeed,  so  much  so  that  the  disturbing 
causes  will  have  far  greater  effect  than  general  secular  contraction, 
and  while  adding  to  the  lateral  movement  in  one  place  may  efface  it 
in  another. 

EffeetB  of  unsifmmetrieal  cooling  on  the  ouier  envelope  of  ike  Earth. 

Having  now,  as  far  as  my  limited  powers  of  exposition  allow, 
stated  for  your  consideration  my  views  on  the  effects  of  symmetrical 
cooling  on  a  homogeneous  heated  globe,  comparable  in  size  with  our 
earth,  and  partly  traced  some  of  its  possible  geological  effects  on  the 
outer  envelope,  it  is  time  to  consider  quantitatively  some  of  the  dis- 
turbing agencies  which  are  constantly  at  work  to  modify  the  sum  of 
the  results. 

First  then,  and  most  important  as  initiating  other  movements,  is 
that  of  sedimentation.  Those  who  are  not  familiar  with  geology  will 
pardon  me  for  stating  that  the  gross  thickness  of  all  the  sedimentary 
formations  of  the  earth  is  estimated  by  competent  authorities  at  as 
much  as  100,000  feet,^  but  it  must  be  understood  that  these  never 
occur  together  in  one  geological  column.  The  statement  is  sufficient 
to  invest  sediments  with  considerable  interest  to  physicists  as  molli- 
fying in  several  important  ways  reasoning  based  on  hypothetical 
conditions,  though  they  are  hypotheses  that  are  absolutely  necessary 
to  be  made  before  the  actual  problem  can  be  efficiently  attacked. 

The  greatest  actual  thickness  of  sediment  piled  up  in  one  spot  in 
almost  unconformable  succession  is  found  in  great  mountain  ranges 
such  as  the  Appalachians  and  the  Alps,  and  has  been  estimated  by 
competent  geologists  at  from  8  to  10  miles.* 

But  l)elow  these  is  a  mass  of  Archean  rocks  of  unknown  thickness 
which  is  certainly  not  the  original  unmodified  crust  of  the  globe. 

The  area  of  the  sedimentaries  is  co-extensive  with  the  continents 

*  Sir  A.  Geikie,  Pres.  Address  British  Association,  1892. 

'  Judd,  ppcakinc;  of  the  Alps  (Volcanoes,  p.  295),  says  :  '*  The  united  thickness  of 
all  sediments  accuniolated  alonj<r  this  great  line  of  subsidence  between  the  Permian 
and  Nummulithic  periods  probably  exceeds  6U,000  feet  or  10  miles.*'  Various 
American  authorities  estimate  that  the  thickness  of  the  Palseozoio  system  of  the 
Appalachians  reaches  40.000  feet ;  the  Palceozoics  and  Mesozoics  in  the  Wasatch 
60,000  ;  the  Cretaceous  in  the  coast  ranges  of  California  20,000  feet,  and  in  Shasta 
county  30,000  feet;  the  Palseozoic  and  Mesozoic  of  the  Uinta  30,000. — See  Le 
Conte — Theories  of  the  Origin  of  Mountain  Ranges,  Journal  of  Geology,  1893,  p.  644. 
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and  islands,  and  they  oocapy  in  addition  unknown  regions  under  tb( 
seas  and  oceans.  Tlie  Cretaceous  and  Tertiary  rocks  cover,  or  have 
covered,  at  least  half  the  continental  area  of  North  America,  extending 
through  60  degrees  of  latitude  and  being  a  thousand  miles  wide  in 
the  United  States. 

It  is  in  this  area  the  Bockies  and  related  mountain  ranges  have 
been  thrown  up,  involving  Cretaceous  and  Tertiary  rocks  in  theii 
folds. 

For  the  purpose  of  illustrating  the  effects  of  sedimentation  on  the 
earth's  outer  envelope  as  compared  with  that  due  to  secular  con- 
traction we  will  assume  an  area  2000  miles  long,  1000  miles  wide, 
and  10  miles  thick  along  a  central  longitudinal  trough,  but  gpraduall^ 
thinning  in  lenticular  but  irregular  fashion  towards  the  edges.  Let 
us  further  assume  that  4  miles  represents  the  average  thickness  of  this 
group  of  sedimentary  strata.  This  would  augment  the  temperature  ol 
the  bed-rock  on  which  the  sediment  rests  by  400^  at  the  rate  of  1^  F. 
per  50  feet.  This  accession  of  heat  would  represent  a  linear  expan- 
sion in  one  direction  of  22,000  feet  and  in  the  other  of  11,000.  Sc 
that  we  have  for  one  group  of  rocks,  over  what  is  only  a  local  area 
of  the  globe  or  -9^  of  the  total  land  surface,  a  linear  expansion  ol 
4  miles  in  one  direction  and  over  2  miles  in  the  other  to  contrasi 
with  the  15  miles  surface  contraction  of  the  whole  globe,  including 
land  areas  and  ocean,  since  the  beginning  of  the  Cambrian.  • 

The  shortening  of  this  area,  if  the  shrinkage  of  the  globe  were 
equally  divided  over  its  surface,  would  only  amount  to  f  of  a  mile  ic 
one  direction  and  1^  miles  in  the  other,  through  all  the  time  thai 
has  elapsed  since  the  commencement  of  the  Cambrian.  But  fof  a 
true  comparison  with  our  sedimentary  example,  taking  into  account 
geological  time,  we  may  divide  this  by  not  less  than  5,  reducing  the 
shortening  of  the  area  on  the  hypothesis  of  contraction  to  respectively 
\  and  ^  of  a  mile.  But  when  we  come  to  contrast  with  this  the 
effects  of  cubical  or  voluminal  expansion  instead  of  linear,  it  will  be 
seen  that  the  thermal  expansion  of  the  rocks  due  to  sedimentation  \i 
still  more  in  excess  of  any  possible  accumulation  of  volume  due  tc 
the  shell  of  compression  as  possibly  affected  by  such  contraction. 

The  increase  of  temperature  is  not,  as  I  have  before  explained 
limited  to  the  sediments ;  it  affects  in  turn  the  whole  cooling  shel 
below  and  raises  its  temperature  in  a  corresponding  degree.  I  think 
it  will  be  quite  fair  to  take  this  as  equal  to  raising  tlie  temperature 
of  the  outer  envelope  400^  to  a  depth  of  20  miles.  These  are  onlj 
intended  to  be  illustrative  figures,  applying  to  a  small  section  o 
the  earth  in  space  and  a  smeJl  section  in  time.  If  we  cube  u^ 
our  hypothetical  block  when  expanded,  and  compare  it  with  iti 
volume  before  expansion,  we  shall  find  that  we  have  in  round  figurei 
241,000  cubic  miles  for  mountain  building  and  other  orographic 
changes,  as  against  26,000  cubic  miles  produced  by  the  approach  0 
the  shell  of  compression  over  a  similar  area  to  a  similar  extent 
while  in  the  second  case  of  \  and  ^  of  a  mile  the  disparity  is  s< 
enormously  increased  as  to  show  its  absolute  incapacity  to  explai] 
any  orographic  features  whatever. 
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Effects  of  Local  Shrinkage  through  Denudation. 

If  instead  of  4  miles  mean  thickness  of  sediment  being  laid  down 
on  the  given  area  of  2000  by  1000  miles,  we  assume  that  the  same 
mass  has  been  removed  from  an  equal  area  by  denudation,  and, 
supposing  the  crust  to  be  free  to  shrink  and  could  sustain  its  own 
weight,  the  area  would  be  surrounded  by  trenches  respectively 
2  miles  and  1  mile  wide  at  the  new  surface.  It  necessarily  follows 
that,  even  if  the  shell  of  compression  were  to  follow  the  shrink- 
ing area  up  at  the  same  rate,  there  would  still  remain  cavities 
or  trenches  below  the  surface.  Secular  contraction  it  is  evident 
could  not  be  operative  in  producing  compression  in  such  a  case. 
Local  shrinkage  of  the  crust  such  as  we  have  assumed  does  not, 
however,  act  in  this  way.  The  weight  of  the  crust  itself  squeezes 
up  all  vacuities,  and  the  area  adjusts  itself  to  its  decrease  of  volume 
by  normal-faulting  and  keying  up  in  a  wedge-like  manner  and  by 
compressive  extension. 

We  have  seen  that  the  shell  of  contraction  due  to  secular  cooling 
is  a  real  and  important  factor  in  the  earth's  economy.  This  general 
shrinkage  decreases  in  rate  in  areas  of  sedimentation  and  increases 
in  areas  of  denudation.  It  may  perhaps  be  said  that  if  these  areas 
adjoin  one  will  destroy  the  effect  of  the  other.  Such,  however,  is  not 
the  case,  as  I  have  shown  that  the  expansion  is  internal  shading  off 
to  zero  at  the  boundaries.  In  the  theory  of  the  origin  of  the  earth's 
folds  by  secular  contraction  it  is  assumed  that  the  folded  area  is 
compressed  from  the  outside ;  on  such  a  supposition  it  is  a  perfectly 
legitimate  inference  that  the  shrinking  area  would  be  followed  up 
by  the  closing  in  of  the  shell  of  compression,  and  one  effect  would 
destroy  the  other. 

I  further  maintain  that  it  is  a  physical  impossibility  for  a  layer 
of  the  earth  5  miles  deep,  really  but  a  film  upon  the  surface  of  the 
globe,  not  only  to  shear  upon  itself  but  to  convey  thrust  through 
1000  miles  of  strata  in  an  effective  manner.  Even  if  we  were  to 
assume  that  this  shell  could  shear  upon  itself  and  accumulate  thrust 
in  one  place,  the  compression  would  be  confined  to  a  short  distance 
from  the  boundary  of  the  area  and  be  inoperative  in  the  centre 
where  mountain  ranges  are  usually  thrown  up. 

The  compression  produced  by  expansion  is  internal  and  pro- 
portional to  the  depth  of  the  sediment. 

This  is  an  important  rule  to  bear  in  mind,  for  it  largely  determines 
the  axial  position  of  the  range.  The  mere  upheaval  of  some  of  the 
strata  in  anticlinal  form  will  determine  where  the  lateral  pressure 
from  the  surrounding  sheet  of  strata  shall  be  used  up.  When  one 
fold  is  compressed  another  follows  up  against  it,  and  so  the  work  of 
mountain  building  proceeds.  From  the  comparatively  great  depth 
at  which  the  internal  expansion  acts,  underlying  rocks  are  forced  up 
into  gueissic  and  granitic  cores,  and  these  expanding  laterally  by 
gravitation  force  back  the  folded  strata  and  compress  them  still 
more,  forming  in  many  cases  what  is  known  as  fan -structure.  The 
very  movement  of  these  heated  masses  of  rock  forced  up  from  belo  w 
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brinj^  farther  heated  masses  to  increase  the  temperature  of  the 
sediment  and  crust  below  it  I  have  shown  experimentally  that 
every  variation  of  heat  which  takes  place  goes  for  mountain 
building,  an  increase  producing  a  farther  compression  of  the  folds 
and  a  decrease  compressive  extension  or  normal  faulting.  But  I 
feel  that  time  is  short,  and  I  must  conclude  without  oppressing  you 
with  further  details. 

We  have  thus  seen  that  changes  caused  by  a  fluctuating  and 
irregular  distribution  of  temperature  in  the  crust  through  unsym- 
metrical  cooling  is  a  much  more  potent  factor  in  producing  the 
rugosities  of  the  earth's  surface  than  symmetrical  secular  contraction. 
There  are  other  phenomena  that  it  is  necessary  to  take  into  con- 
sideration in  any  complete  theory  of  mountain  formation,  but  I  shall 
merely  note  them  here.  The  fact  of  the  existence  of  piles  of 
sediment  10  miles  deep,  or  twice  the  depth  of  the  deepest  parts  of 
the  existing  oceans,  shows  that  the  crust  has  sunk  in  such  a  locus  to 
an  abnormal  extent.  That  this  is  due  partly  to  the  weight  of  the 
sediments  is  admitted  by  most  geologists. 

With  a  shell  of  contraction  of  the  thickness  I  have  shown,  it  is  easy 
to  see  that  any  irregular  distribution  of  weight  must  affect  the  crust 
by  bending  it,  and  this  means  also  a  disturbance  of  heated  matter 
below.  All  these  disturbances  lead  to  heating  and  cooling  of  local 
areas,  and  this  1  have  shown  is  the  most  potent  cause  of  orographic 
changes.  These  lateral  expansions  take  the  form  of  ridging  up; 
matter  is  actually  moved  towards  the  axis  of  expansion  so  that  the 
ridgings  up  become  permanent  features  until  removed  by  denudation. 
The  result  of  all  the  investigations  of  underground  temperature  show 
that  the  rate  of  augmentation  downwards  is  very  variable  in  different 
localities.  We  also  know  from  the  existence  of  volcanic  tracts  that 
the  heated  matter  of  the  globe  is  there  nearer  the  surface,  and  I 
have  little  doubt  that  the  increase  of  heat  downwards  in  certain 
areas  is  much  greater  than  1°  F.  per  50  feet*  No  doubt  the  cooling 
of  the  earth  takes  place  on  the  whole  as  inferred  by  Lord  Kelvin ; 
but  sedimentation  as  one  of  the  conditioning  etgents  has  not 
received  the  attention  its  importance  demands.  The  earth,  as  I 
have  shown,  is  covered  with  sedimentary  matter  in  thickness  to 
be  measured  by  miles.  Sediments  many  miles  thick  have  been 
laid  down,  upheaved,  crumpled  and  folded,  denuded  and  again 
covered  up  by  other  sediments,  the  ruins  of  the  old,  often  with 
volcanic  additions  from  below. 

The  crust  of  the  earth  is  in  a  constant  state  of  change,  none  the 
less  effective  because  slow  as  measured  by  our  conceptions  of  time. 
The  unloading  of  one  portion  of  the  earth's  crust  and  the  loading  of 
another,  the  checking  of  the  outflow  of  heat  by  sediments  in  one 
area  and  its  acceleration  in  another  by  denudation,  the  movement  of 

*  Prof.  Joseph  Prestwich,  in  an  exhanstive  discussion  of  underground  temperature 
obsenrations,  suggests  that  46  feet  per  degree  is  nearer  to  the  true  normal. — Proc. 
Bojal  Soc.  1886. 
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fused  or  semi-fused  matter  in  the  orast,  partly  oonsequent  on  the 
repeated  heating  and  oooling  of  the  outer  envelope  and  a  lateral 
tlirust  produced  at  each  rise  of  temperature,  with  faulting  and 
wedging  up  to  compensate  for  oontraotion  at  each  fall  of  tempera- 
ture, are  in  my  view  the  potent  oatises  of  the  external  forms  of  the 
earth  as  they  have  appeared  from  age  to  age. 

IV. — On  a  Second  British  Speoiss  uf  the  Ju&absio  Fish 

EuhTCOBMUS, 

By  A.  Smith  Woodward,  F.L.S.,  F.O.S. 

THE  occurrence  of  a  fish  generically  identical  with  JEuryeormtu  of 
the  Bavarian  Lithographic  stone,  in  the  Upper  Jurassic  of 
England,  has  already  been  indicated  by  the  discovery  of  a  well- 
preserved  head  with  some  anterior  vertebrso  in  the  Kimmeridge 
Clay  of  Ely.*  Only  one  specimen,  however,  has  hitherto  been 
recognized  ;  and  during  a  recent  search  for  further  evidence  of  the 
fish  among  British  fossils  the  present  writer  has  thus  been  gratified 
to  find  two  more  examples  in  the  collection  of  the  British  Museum. 
I'he  one  specimen  was  described  many  years  ago  by  Sir  Philip 
Egerton,  under  the  name  of  Macropoma  Egerktm,  and  is  said  to  have 
been  obtained  from  the  *'  Gault,  Speeton  "  ;  the  other  specimen  is 
an  obliquely-crushed  head,  with  part  of  the  squamation,  found  by 
Mr.  Alfred  N.  Leeds  in  the  Oxford  Clay  of  Peterborough.  So  far  as 
they  can  be  compared,  these  two  fossils  agree  in  every  particular, 
even  in  detailed  measurements;  hence  they  mast  be  referred,  for 
the  present  at  least,  to  one  and  the  same  species. 

EuBTCORMUs  Egertoni  (Egertou). 

1844.    Macropoma  Egertoni^  L.   Agassiz,   Poiss.   Foss.   vol.  ii.  pt.  ii.  p.  174 

(undefined). 
1858.        ,,  ,,  P.   M.  G.  Egerton,    Figs,    and    Descript.   Brit. 

Organic  Kemains  (Mem.  Geol.  Surv.],  dec.  ix. 

No.  10.  pi.  X. 
1866.     Eurypoma  Egertoni^  T.  H.  Uuxley,  ibid.  dec.  xii.  p.  32. 

Description  of  Type  Specimen, — The  original  description  of  the 
type  specimen  published  by  Egerton  is  so  unsatisfactory,  and  gives 
BO  false  an  impression  of  some  of  the  most  important  features  of  the 
fossil,  that  it  seems  advisable  to  attempt  a  new  account.  The  head 
and  anterior  abdominal  region  are  exposed  in  side  view,  as  shown  in 
Mr.  Dinkel's  drawing  {loc,  cit,  1858,  pi.  x.  ^g.  1);  but  the  specimen 
is  so  much  distorted  by  crushing,  and  fractured  in  front,  that  the 
apparent  profile  of  the  skull  is  entirely  deceptive.  The  head  is 
compressed  by  accident  from  side  to  side;  the  small  left  supra- 
temporal  plate  and  the  larger  post-temporal  are  displaced  upwards 
and  forwards  (the  hinder  margin  of  the  post-temporal  being  described 
as  "  occiput "  by  Egerton) ;  and  the  greater  part  of  the  rostral  region 
is  broken  away,  giving  a  false  idea  of  steepness  in  profile  in  advance 
of  the  orbit.  The  supra-temporals  form  a  single  pair  of  triangular 
plates,  and  the  occipital  margin  of  the  skull  is  evidently  straight 

^  Smith  Woodward,  "  On  a  Head  of  Euryeortniu  from  the  Kimmeridge  Claj  of 
Ely,"  Geol.  Mao.  [3]  Vol.  VII.  (1890),  pp.  289-291,  PL  x. 
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The  cranial  roof-bonee  are  very  coarsely  rugose  and  partly  tuber- 
calated ;  the  boundaries  of  the  squamosals  are  distinct  The  sclerotic 
capsule  is  ossified ;  there  is  evidence  of  large  post-orbitals ;  and  the 
long,  narrow  supra-maxillary  bone  is  conspicuous.  The  maxilla  is 
smooth,  more  than  twice  as  deep  behind  as  in  front,  exhibiting  the 
usual  re-entering  angle  in  the  hinder  border,  and  beset  on  the  oral 
margin  with  a  single,  regular,  close  series  of  small  slender  teeth. 
The  dentary-bone,  so  far  as  preserved,  is  also  smooth,  and  on  the 
right  side  three  or  four  of  the  shallow  sockets  for  the  large  teeth  of 
the  anterior  extremity  are  distinctly  exhibited.  The  rami  of  the 
mandible  are  much  pressed  together,  and  between  them  there 
appears  the  large  azygous  jugular  plate,  which  extends  backwards 
at  least  as  far  as  the  hinder  extremity  of  the  dentary.  Behind  the 
jugular  plate  there  follow  the  branchiostegal  rays;  and  the  large 
hones  of  the  opercular  fold  are  as  obscure  as  indicated  in  Dinkera 
figure.  Remains  of  vertebral  centra  are  distinctly  shown  at  the 
posterior  end  of  the  fossil,  either  as  complete  rings  or  as  half-rings ; 
and  there  are  long  robust  ribs.  The  fragmentary  base  of  the  dorsal 
fin  is  evidently  crushed  forwards  by  the  pressure  which  displaced 
the  left  supra- temporal  bone ;  and  the  large  pectoral  fin  is  too  im- 
perfect for  detailed  description.  It  can  be  seen,  however,  that  the 
pectoral  fin-rays  are  dichotomously  branched  and  articulated  distally. 
The  ornamented  scales,  as  displayed  especially  in  the  dorsal  region, 
are  well  described  and  figured  by  Egerton. 

Description  of  New  Specimen. — The  new  fossil  from  the  Oxford 
Clay  of  Peterborough  (Brit.  Mus.  No.  P.  6912)  exhibits  less  of 
the  trunk  than  the  type  and  is  obliquely  crushed  from  above  down- 
wards. The  cranial  roof  is  much  fractured,  but  agrees  in  every 
feature  that  is  comparable  with  the  foregoing  specimen,  the  rugosity 
being  especially  marked.  As  preserved,  the  cheek-plates,  opercular 
bones  and  post- temporals  are  darker  in  colour  than  those  of  the 
cranial  roof,  comparatively  smooth  and  with  sparsely  arranged  fine 
tubercles.  On  the  left  side  the  characteristic  hinder  extremity  of  the 
maxilla  is.  preserved,  and  on  both  sides  there  are  traces  of  the  long 
Bupra-maxillary  bone.  On  both  sides  also  there  are  remains  of  large 
ant-orbital  and  post-orbital  plates.  The  mandible  on  the  left  side 
shows  the  front  border  of  the  coronoid  elevation  and  part  of  the 
series  of  large  teeth  in  the  dentary  bone ;  while  on  both  sides  there 
are  traces  of  minute  splenial  teeth  opposed  to  somewhat  larger  teeth 
on  an  inner  element  of  the  upper  jaw.  The  left  pre-operculum  is 
exhibited,  showing  a  considerable  expansion  in  its  lower  half,  not 
much  bent  forward,  and  externally  ornamented  with  rugsB  and 
tuberculations.  The  sub-operouluni  appears  to  be  about  twice  as 
broad  as  deep,  and  both  this  and  the  operculum  are  marked  with 
very  fine  tuberculations.  There  are  no  certain  traces  of  vertebral 
centra  or  ribs;  but  it  seems  probable  that  an  annular  elevation 
beneath  the  scales  at  one  point  on  the  ventral  aspect  is  a  displaced 
ring- vertebra,  while  some  rods  seen  in  cross-section  at  the  back  of 
the  fossil  may  possibly  be  ribs.  Only  a  small  portion  of  the  clavicle 
remains  on  each  side,  smooth  on  its  external  face,  longitudinally 
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ribbed  at  its  anterior  margin ;  and  nothing  more  than  part  of  the 
base  of  the  pectoral  fin  can  be  observed  on  the  right  side.  The 
scales  are  beautifully  preserved  and  resemble  those  of  the  type 
specimen. 

Specific  Determination. — The  length  of  the  head  in  each  of  the 
fishes  thus  imperfectly  indicated  would  be  about  0'13m.,  and  the 
species  represented  is  therefore  much  larger  than  the  typical  E, 
8pecio8us  of  the  Bavarian  Lithographic  stone. ^  According  to  the 
original  description,  the  last-named  fish  is  also  distinguished  by  the 
smoothness  of  all  the  external  bones.  In  size  and  characters  the 
head  of  E.  Egertoni  agrees  much  more  closely  with  that  of  E.  grandis 
from  the  English  Kimmeridge  Clay.  From  this,  however,  it  also 
diflers  in  the  remarkable  rugosity  of  the  cranial  roof-bones,  and 
apparently  in  the  greater  breadth  of  the  squamosal  elements  as  com- 
pared with  the  parietals.  E.  Egertoni  is  thus  the  third  known  species 
of  the  genus. 

Formation  and  Locality, — Although  the  type  specimen  is  said  to 
have  been  obtained  from  the  "  Gault "  of  Speeton,  Yorkshire  (pre- 
sumably the  Speeton  Clay),  the  horizon  cannot  be  determined  with 
certainty,  even  if  the  record  of  the  locality  be  correct ;  for  the  fish 
is  contained  in  a  mass  of  indurated  clay  that  has  been  much 
waterwom,  evidently  by  rolling  on  the  beach,  and  the  matrix 
exhibits  no  invertebrate  fossils  by  which  its  age  can  be  recognized. 
The  fact  that  it  agrees  exactly  with  the  new  specimen  from  the 
Oxford  Clay  of  Peterborough  is  almost  certain  proof  that  the  original 
E  Egertoni  is  not  a  Cretaceous,  but  an  Upper  Jurassic  fossil ;  and 
the  discovery  of  further  specimens  in  the  Yorkshire  cliffs  will  be 
awaited  with  interest  for  the  settlement  of  the  stratigraphical 
question. 

EURYCOBMUS,  Sp. 

Eurycormna  will  probably  soon  be  recognized  as  having  a  still 
wider  range  in  British  Upper  Jurassic  formations  than  is  now 
proved ;  and  it  is  worthy  of  note  that  certain  vertebral  rings  and 
hypocentra,  not  uncommonly  met  with  in  the  Kimmeridge  Clay 
of  Weymouth,  are  more  closely  paralleled  by  those  of  this  genus 
than  by  those  of  any  other  known  fish.  One  such  specimen  (Brit 
Mus.,  No.  P.  6176)  was  figured  by  Mr.  Damon,^  and  there  are 
several  others  in  the  British  Museum  (Nos.  41181,  41231,  45926). 
There  is  one  detached  horse-shoe- shaped  hypocentrum  (No.  41231a) 
bearing  a  pair  of  pedicles  (each  perforated  transversely  by  a  foramen) 
for  the  support  of  ribs ;  and  some  of  the  complete  rings  exhibit  a 
feeble  oblique  line  on  each  side,  as  if  formed  by  the  coalescence  of 
horse-shoe-shaped  hypocentra  and  pleurocentra.  These  rings  also 
bear  a  small  pedicle  or  raised  facette  on  the  lower  part  of  each  side. 

*  A.  Wagner,  "  Monogniphie  der  fossilen  Fiscbe  aus  den  Litbographischen  Scbk- 
fem  Bayerns,'*  Abb.  k.  bav.  Akad.  Wiss.,  matb.-pbys.  CI.  toI.  ix.  (1863),  p.  707, 
pi.  iv.  A  smaller  fisb»  prooably  to  be  regarded  as  tbe  young  of  E.  tpecionta.  is  also 
named  E.  dubius  by  B.  Vetter,  Mittb.  k.  mineral. -geol.  Mus.  Dresden,  pt.  i?.  (1881), 
p.  113,  pi.  ii.  fig,  7. 

*  R.  Damon,  »♦  Geology  of  Weymouth,"  ed.  2,  suppl.  pi.  xii.  fig.  9  (1880). 
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V. — On  Chloriti:  as  a  Soubob  of  Biotitb:  a  Bkplt. 

By  Charles  Callaway,  D.Sc,  M.A.,  F.G.S. 

AM  much  obliged  to  General  MoMahon  for  critioising  my 
recent  paper  in  the  Oeologioal  Magazine  (Deo.  1893,  p.  535) 
on  the  "  Conversion  of  Chlorite  into  Biotite,"  because  I  have  been 
puzzled  to  know  the  exact  nature  of  the  opposition  to  my  yiews  on 
rock-metamorphism  at  Malvern,  and  I  have  been  haunted  by  the 
fear  that  perhaps  after  all  I  might  have  overlooked  something 
fundamental.  Happily  my  curiosity  is  now  gratified,  and  my  fear 
is  removed,  so  far  as  one  important  branch  of  the  enquiry  is 
concerned.  As  my  critic  is  so  good  a  chemist,  I  may  conclude 
that  the  worst  has  been  said  that  can  be  said  from  the  chemical 
point  of  view. 

The  title  of  General  McMahon's  paper,  "The  Bape  of  the  Chlorites," 
is  a  little  startling.  One  is  reminded  of  the  author  of  Nana,  I 
must  confess  to  a  little  grief  that  any  chemical  or  mineral  pets  of 
mine  should  be  charged  with  impropriety  and  lawlessness,  and  I 
shall  try  to  show  that  such  aspersions  are  unfounded. 

In  his  second  paragraph  my  critic  concedes  a  great  part  of  my 
theory  on  the  origin  of  biotite.  Beferring  to  the  authorities  quoted 
by  me  in  support  of  this  theory,  he  states  that  two  of  them  deal 
with  **  cases  of  contact-metamorphism."  He  apparently  agrees  with 
these  writers,  for  he  goes  on  to  say :  "  In  cases  of  contact  action, 
one  can  readily  understand  how  aqueous  acid  vapours,  or  liquids, 
emanating  from  the  molten  igneous  rock  under  high  pressure, 
penetrated  the  adjoining  rocks,  and  carried  with  them  in  solution 
some  of  the  constituents  of  the  igneous  magma."  It  would  therefore 
appear  that  General  McMahon  admits  the  conversion  of  chlorite  to 
biotite  by  contact  action ;  and,  if  so,  I  want  to  know  why  he 
opposes  my  theory. 

For  the  last  four  or  five  years  I  have  been  insisting  that,  in  the 
Malvern  crystallines,  biotite  has  been  produced  out  of  chlorite 
by  "contact  action."  In  1889  I  wrote:*  "The  most  obvious  fact 
observable  in  the  field  is  the  production  of  the  biotite.  Granite- 
veins,  if  of  large  size,  that  is,  six  inches  or  more  in  diameter,  are 
often  surrounded  by  a  sheath  of  kersantite  two  or  more  inches  in 
thickness.  Indeed,  so  uniform  is  the  effect  of  the  contact  tliat  the 
vicinity  of  veins  may  usually  be  safely  inferred  from  the  appearance 
of  biotite  in  the  diorite."  I  do  not  think  I  could  have  spoken  more 
distinctly  than  this. 

Now  if,  as  I  understand  ray  critic  to  concede,  the  hydrous  mineral 
chlorite  may,  even  in  the  presence  of  "  aqueous  vapours  and  liquids," 
be  transformed  into  the  anhydrous  mineral  biotite  in  cases  of  contact 
action,  why  should  it  be  thought  necessary  to  confine  the  contact 
eflfects  to  the  exact  point  where  the  intrusive  vein  touches  the 
enclosing  rock?  Contact  e£fects  extend  to  considerable  distances 
from  the  intruding  mass  in  Cumberland,  in  county  Dublin,  and 
elsewhere,  and  why  should  they  not  extend  to  a  few  yards'  distance 

>  Quart.  Joorn.  Geol.  Soc.  Aug.  1889,  p.  487. 
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at  Malvern?  In  the  shear- zones,  where  most  of  the  biotite  is 
formed,  there  is  usually  a  plexus  of  granite-veins,  and  the  diorite  is 
so  minutely  sheared  as  to  become  in  a  high  degree  pervious  to  fluid 
injections.  Where,  then,  is  General  MoMahon's  difficulty  ?  So  far 
as  I  can  see,  he  has  created  it  for  himself.  Let  me  elucidate  this 
point. 

After  describing  the  nature  of  contact  action,  my  critic  goes  on  to 
assert  that  "in  the  case  supposed  by  Dr.  Callaway  the  conditions 
are  altogether  different"  Are  they  ?  Whence  has  General  McMahon 
derived  his  information  on  the  point,  if  not  from  my  papers?  But 
I  have  never  described  the  conditions  as  '*  altogether  different'*  On 
the  contrary,  I  think  it  probable  that  there  is  not  a  scrap  of  biotite 
in  the  crystallines  of  the  Malvems  which  has  been  produced  except 
by  "contact  action."  I  have,  of  course,  dwelt  upon  the  important 
effects  of  dynamic  agencies;  but  I  have  insisted  with  equal  emphasis 
upon  the  changes  brought  about  by  the  intrusive  granite-veins. 

I  may  observe  in  passing  that  General  McMahon  attributes  to  me 
an  assertion  that  in  rock  metamorphism  the  combined  water  of  the 
chlorite  has  been  driven  off  by  heat  This  is  not  quite  accurate. 
In  my  last  paper,  I  quoted  the  fact  that  in  the  laboratory  chlorite 
loses  its  water  at  a  red  heat  as  a  "  proof  that  the  affinity  between 
the  water  and  the  other  constituents  of  the  mineral  is  not  very 
strong";  which  is  quite  another  matter.  I  have  not  presumed  to 
offer  a  complete  account  of  the  operation  of  the  forces  that  were 
working  deep  down  in  the  cnist  in  Archasan  times.  Heat,  chemical 
energy,  and  pressure  no  doubt  co-operated,  and  who  knows  what 
other  causes  may  have  assisted  in  the  schist-making? 

General  McMahon's  amusing  metaphor  of  the  "Rape  of  the 
Chlorites  "  is  suggested  by  a  theory  of  the  process  of  metamorphism 
which  has  no  basis  in  my  writings.  He  supposes  that  his  maidens, 
the  chlorites,  are  in  one  part  of  the  rock  regarded  as  highly  boated ; 
and  his  Roman  soldiers,  the  potash  and  iron,*  in  another  part,  con- 
sidered to  be  much  cooler.  This  could  by  no  possibility  have  been 
the  case.  The  soldiers  and  the  maidens  were  living  in  the  same 
house,  only  waiting  till  the  affinity  between  them  should  grow 
strong  enough  to  draw  them  into  the  bonds  of  lawful  wedlock. 
My  critic*s  misapprehension  seems  to  have  arisen  from  a  confusion 
as  to  the  order  of  events  in  the  schist-making  process. 

I  have  frequently  described  sections  which  show  a  passage  between 
a  diorite  and  a  biotite-gneiss.  Where  the  diorite  is  slightly  crushed, 
there  is  a  good  deal  of  liberated  iron -oxide.  Further  along  the 
section,  where  biotite  begins  to  appear,  the  visible  iron  decreases 
in  quantity,  having  been  partially  used  up,  as  I  have  elsewhere 
shown,  in  the  genesis  of  the  biotite.  General  McMahon  says  that 
this  iron  (together  with  potash)  has  got  to  rush  from  one  locality 
to  another,  like  Roman  soldiers  sacking  a  town.  But  this  is  pure 
imagination.  Surely  it  is  quite  obvious  that  the  succession  of 
events  which  we  now  witness  in  geographical  series  was  once  a 

^  I  have  not  taken  any  account  of  the  alumina,  since  the  percentages  of  thAt 
oxide  in  the  chlorite  and  the  biotite  are  roughly  equal. 
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snccession  in  time  on  the  same  spot  A  mass  of  diorite  begins  to 
suffer  from  a  crushing  process,  aqueous  solutions,  in  which  both 
carbonic  acid  and  potash  occur,^  soak  into  it,  and  chemical  changes 
take  place.  The  pressure  increases,  shearing  supervenes,  the  tem- 
perature rises,  and  certain  other  chemical  reactions  result.  There  is 
no  rushing  about  from  one  place  to  another.  All  the  materials  for 
the  genesis  of  the  biotite  are  already  present,  before  the  higher 
temperatures  set  in. 

To  be  more  precise  I  will  briefly  state  some  of  the  actual  changes, 
as  observed  in  the  field  and  the  microscope,  and  confirmed  by 
chemical  analysis.  Crystals  of  hornblende  and  felspar  are  lying 
side  by  side.  Some  of  the  latter  contain  potash,  perhaps  as  the 
result  of  contact  action.  Crushing  sets  in,  and  foreign  solutions 
enter  the  rock.  The  crystals  of  felspar  are  broken  to  fragments, 
and  some  of  it  is  decomposed,  alkalies  and  lime  being  liberated. 
The  hornblende  also  is  crushed  and  decomposed,  chlorite,  iron-oxide, 
and  calcite  being  produced.  The  materials  for  the  production  of  the 
biotite  are  present,  but  increased  heat  and  pressure  are  necessary  to 
excite  the  required  chemical  affinities.  In  an  advanced  stage  of  the 
metamorphism,  the  water  of  the  chlorite,  and  some  of  its  magnesia, 
are  driven  out,  and  their  place  is  taken  by  iron-oxide  and  potash. 
That,  at  high  temperatures,  iron  has  a  strong  affinity  for  silica,  is 
proved  by  the  well-known  fact  that,  in  the  consolidation  of  igneous 
magmas,  iron- silicates  come  very  early  in  the  order  of  crystalliza- 
tion. According  to  Lagorio  they  come  next  to  oxides  and  before 
any  other  silicates. 

I  do  not  think  that  General  McMahon  will  attach  much  import- 
ance to  his  objection  that,  if  the  temperature  of  the  rock  *'rose  to 
the  point  of  fusion,"  the  chlorite  must  have  been  melted  down  and 
merged  in  the  general  magma,  and,  therefore,  could  not  have  given 
rise  to  biotite.  It  is  sufficient  to  remind  him  that  the  fusing-point  of 
chlorite  is  much  higher  than  that  of  felspar,  and  that,  in  granite, 
quartz  usually  consolidates  after  felspar.  It  would,  therefore,  be 
exceedingly  rash  to  assume  that  a  temperature  which  would  fuse 
quartz  and  felspar,'  which  form  the  bulk  of  the  rock,  would  also 
melt  the  chlorite.  My  assertion  that,  in  scores  of  sections,  chlorite 
is  seen  to  be  replaced  by  biotite  as  we  approach  the  granite-diorite 
shear- zones,  will  hardly  be  invalidated  by  such  a  speculative  objection 
as  this. 

My  critic  denies  that  the  conversion  of  clilorite  to  biotite  is  "  an 
observed  fact."  But,  surely,  if  Lessen,  Michel  L6vy,  Salomon,  and 
Riidermann,  not  to  mention  my  humble  self,  have  observed  the 
change,  it  may  fairly  be  regarded  as  proved.  Besides,  I  thought 
that  General  McMahon  himself  admitted  that  the  thing  might  be 
true  as  the  result  of  "contact  action."  I  confess  I  do  not  quite 
understand  bis  position. 

^  l^oi  necessarily  contemporaneously  as  potassium  carbonate. 

'  Professor  Redway,  of  Mount  Vernon,  New  York,  coraraenting  on  my  Malvern 
papers  ('*  Science,**  February  9th,  1894),  describes  the  fusion  in  the  shear-zones  as 
''sufficiently  complete  to  produce  plasticity." 
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This  question  of  rock-metamorpbiBm  is  deserving  of  full  con- 
sideration. If  I  have  not  made  myself  clear  to  my  critic,  or  to  any 
other  of  the  readers  of  this  Magazine,  I  shall  be  glad  to  give  further 
explanation;  and,  if  I  am  wrong,  I  will  engage  to  surrender  to 
General  McMahon  and  bis  legion  of  Boman  soldiers. 


YI. — On  Yabiolitb  and  otheb  Taghylttks  at  Dunmobb  Hkad, 

Co.  Down. 

By  Grbnyillb  A.  J.  Colb,  M.R.I.A.,  F.G.S. 
Professor  of  Geology  in  the  Boyal  College  of  Science  for  Ireland. 

WHILE  examining  the  dykes  along  the  coast  of  Moume  in  the 
company  of  Mr.  B.  Welch,  I  came  across  an  additional 
example  of  intrusive  variolite,  the  occurrence  of  which  seems  worth 
recording.  The  mass  is,  in  this  case,  a  thin  one,  about  20  centi- 
metres in  width,  narrowing  and  dying  out  as  it  is  traced  northwards; 
it  runs  in  a  somewhat  sinuous  course  along  the  strike  of  the  uptilted 
strata.  Every  other  dyke  that  I  have  seen  upon  this  richly  favoured 
coast  cuts  across  the  Ordovician  beds,  and  the  present  instance  to 
the  contrary  may  be  only  a  lateral  sheet-like  offshoot  from  one  of 
the  familiar  basalts. 

This  varioUte  occurs  on  Dunmore  Head,  just  south-east  of  the 
summit  of  Dunmore  HiU,  and  a  little  below  the  level  of  high- 
water.  The  handsome  and  massive  variolite  of  Annalong  ^  lies  some 
2 1  miles  to  the  south. 

The  thin  intrusive  sheet  is  minutely  spherulitic  upon  its  selvages, 
but  passes  rapidly  into  a  typical  variolite,  with  spherulites  3  mm. 
in  diameter.  These  bodies  weather  out  in  pale  tints  against  the 
dark  grey-green  groundmass.  The  specific  gravity  of  a  large  typical 
specimen  is  2*86,  being  nearly  as  high  as  that  of  the  variolites  of  the 
Western  Alps  (2-90),  while  the  rock  of  Annalong  yields  only  2*72. 

In  the  example  from  Dunmore  Head  we  have  a  variolite  obviously 
connected  with  ordinary  tachylyte,  and  it  seems  unnecessary  to 
again  urge  the  relationship  between  the  two  rocks,  variolite  being 
merely  an  altered  form  of  the  more  coarsely  spherulitic  types  of 
basic  glass.  Professor  Zirkel,*  in  preferring  to  regard  the  rock  of 
Annalong  as  a  *'  sphaerolithfiihrendes  Diabasglas  **  rather  than  as  a 
true  variolite,  practically  admits  the  impossibility  of  maintaining 
variolite  as  a  distinct  rock-species.  The  name  is  a  convenient  term 
for  specialists,  like  the  corresponding  word  "  pyromeride,"  in  the 
classification  of  highly  silicated  rocks ;  and  it  has  by  far  too  great 
an  antiquarian  interest  to  be  thrust  aside  into  oblivion. 

At  Annalong  the  dyke  is  bounded  by  a  film  of  tachylytic  glass 
5  mm.  in  thickness ;  but  the  main  mass  is  an  indubitable  variolite. 
The  rock  of  Dunmore  Head  has  an  altered  groundmass,  with  traces 
of  glass  on  the  extreme  selvage ;  but  the  spherulites  are  far  more 
fresh  and  interesting  than  in  the  variolites  that  I  "have  hitherto 
examined.     Under  the  microscope  they  are  seen  to  be  composed, 

»  Proc.  Roy.  Dublin  Soc.  vol.  vii.  (1892),  p.  611. 

*  ♦'  Lehrbuch  der  Petrographie,"  2»«  Auflage  (1894),  2*«  Band,  p.  704. 
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not  of  feathery  bunobes  of  felspatbic  rods,  but  of  "  cryptocryBtalline  " 
material  with  a  delicate  radial  structure,  thus  resembliDg  more 
closely  than  usual  the  spherulites  of  rbyolitic  rocks.  Their  colour 
in  reflected  light  is  greyish-white,  and  in  transmitted  light  grey- 
brown  and  yellow-brown  ;  a  certain  amount  of  magnetite  has 
formed  in  dusty  aggregations  round  about  them,  or  along  the  lines 
of  junction  of  their  component  groups  of  fibres.  As  has  been 
observed  in  the  spherulites  in  the  tachylyte  of  Ardtun,  the  yellow- 
brown  material  is  distinctly  pleochroic. 

Cracks  traverse  the  spherulites  freely,  passing  also  across  the 
ground  mass;  but  I  have  found  no  trace  of  the  "pseudo-crystals" 
that  are  so  prominent  a  feature  in  Continental  variolites.  The  cracks 
have  originated  from  subsequent  earth-movements,  probably  at  the 
time  of  the  intrusion  of  the  great  granite  masses  of  the  Moume 
Mountains,  which  cut  off  so  many  of  these  coast-dykes  abruptly.^ 

Some  of  the  spherulites,  however,  have  been  broken  up  by  the 
fluid  glass,  which  has  entered  in  between  the  detached  fragments 
and  has  formed  a  microscopic  network  of  intrusive  veins.  In  several 
cases  an  early  phase  of  the  rock  is  revealed  to  us  by  the  occurrence 
of  crystals  of  plagioclase  as  nuclei  to  the  spherulites.  These  crystals 
have  been  greatly  corroded  by  the  magma  round  them,  and  many  of 
them  must  have  been  entirely  absorbed.  The  glass  intruded  into 
them  is  crowded  with  globulites ;  but  its  present  condition  does  not 
enable  us  to  judge  of  the  character  of  the  original  unaltered  magma. 

The  altered  glass  forming  the  groundmass  of  the  variolite  is,  as 
usual,  greenish ;  in  large  part  it  is  chloritized,  but  epidote  has  only 
locally  developed.  A  minute  spherulitic  and  cumulitic  structure 
was  originally  present  in  it,  and  may  be  very  generally  traced. 
Perlitic  structure  may  have  also  occurred,  but  it  is  only  obscurely 
discernible  in  one  of  the  six  sections  that  I  have  studied. 

This  rock  gives  no  evidence  as  to  whether  it  is  the  spherulitic 
representative  of  a  basaltic  andesite  or  of  an  olivine  basalt.  I  have 
no  hesitation  in  classing  it  as  a  variolite,  and  it  is,  I  believe,  the 
fifth  known  representative  of  this  rock  in  the  British  Isles,  the 
others  being  in  Anglesey,  the  Lleyn,  Co.  Wicklow  (near  Round- 
wood),  and  at  Annalong.  It  may  perhaps  be  one  of  the  "  variolites  " 
noted  in  1835  by  Major  Patrickson,  who  names  the  rock  once  or 
twice  in  the  region  to  the  north  of  Annalong. 

A  very  compact  black  rock,  with  minute  spherical  amygdaloidal 
vesicles,  occurs  as  a  thin  dyke  between  Dunmore  Head  and  Green 
Harbour.  It  has  the  high  specific  gravity  of  2-93.  In  section  it 
approaches  in  beauty  the  rbyolitic  pitchstones  of  Arran,  while  at 
the  same  time  revealing  its  more  basic  character.  Feathery  bundles 
and  sheaves  of  felspatbic  materials  are  associated  in  the  pale-green 
altered  glass  with  long  curving  rods  and  plumes,  presumably  of 
pyroxene  and  magnetite.  A  few  porphyritic  crystals  of  plagioclase 
are  again  the  only  constituents  sufficiently  developed  to  be  identified 
with  absolute  confidence. 

^  "  Dykes  appearing  on  the  shore  which  skirts  the  Moume  Mountains."    Joum. 
Geo].  Soc.  Dublin,  yoi.  i.  p.  182. 
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Another  seotion,  from  the  selvage  of  a  large  basaltic  dyke  in  the 
same  area,  is  a  superb  example  of  palagonite,  the  altered  tacbjlyte 
having  all  the  clear  brown  translucent  character  that  is  familiar 
in  Icelandic  and  Sicilian  types.  Spherulitic  aggregates  of  a  more 
dusky  brown  colour  began  to  form  at  one  stage,  but  were  in  part 
redissolved  in  the  fluidal  groundmass.  Abundant  oval  yellow-brown 
bodies,  dark  upon  the  exterior,  occur  in  the  palagonite,  and  are 
probably  the  minute  spherulites  of  the  last  phase  of  consolidation, 
deformed  by  the  flow  at  the  edges  of  the  dyke. 

It  is  only  by  the  brilliant  play  of  colours  when  the  section  is 
viewed  between  crossed  niools  that  one  discovers  that  this  beautiful 
and  apparently  unaltered  tachylyte  has  passed  thoroughly  into  the 
palagonitic  and  micro-crystalline  condition. 

Enough  has  now  been  noted  to  confirm  what  was  remarked  two 
years  ago  as  to  the  frequency  and  variety  of  vitreous  andesites  and 
basalts  on  this  interesting  coast  of  Moume.  I  still  feel  that  in  all 
probability  this  assemblage  of  dykes  is  of  early  Eocene  age.^ 


YII. — An  Ancient  Glacial  Shork. 
By  Joseph  Lomab,  A.R.C.S.,  F.G.S. 

FOR  some  time  I  have  had  under  observation  the  sections  of 
drift  exposed  in  the  cuttings  of  the  Seacombe  branch  of  the 
Wirral  Railway,  and  hope  to  describe  them  on  some  future  occasion 
when  the  sections  are  nearer  completion. 

However,  Mr.  Mel  lard  Reade  has  forestalled  me'  in  the  description 
of  one  part  of  the  sections,  and  professes  to  have  found  in  them 
evidence  of  "an  ancient  glacial  shore."  What  does  he  produce 
in  favour  of  the  statement  ? 

In  the  first  place  *'  the  bed  is  composed  of  pretty  clean  sand  with 
some  small  gravel,  and  is  crowded  with  shell  fragments  in  all 
stages  of  decay."  Secondly,  it  is  of  large  extent  and  has  a  gentle 
slope.     Thirdly,  rolled  clay  balls  are  found  mixed  with  the  sand. 

The  bed  in  its  composition  does  not  differ  from  the  ordinary 
sands  and  gravels  found  so  commonly  in  the  glacial  deposits  of 
Lancashire  and  Cheshire. 

Some  of  these  contain  rolled  clay  balls  (though  I  have  never  met 
with  a  section  which  displays  them  in  such  abundance).  Some 
equal  or  exceed  the  present  example  in  extents  They  oflen  contain 
shell  fragments,  which  are  sometimes  planed  and  striated  like 
ordinary  boulders.  It  is  noteworthy,  too,  that  the  shelly  deposits 
only  occur  in  places  where  we  can  prove  by  independent  evidence 
(such  as  boulder  transport  and  glacial  strise)  that  the  ice  to  reach 
that  place  must  have  traversed  a  sea  bottom. 

Ihe  beds  are  usually  lenticular  in  shape,  slope  at  all  angles 
and  occur  at  all  horizons.  Two  or  three  may  often  be  seen  above 
each  other  in  one  section.  Shall  we  consider  all  these  as  **  ancient 
glacial  shores  ?  " 

»  See  Proc.  Roy.  Dublin  Soc.  vol.  vii.  (1892),  p.  618. 
>  Geol.  Mao.  Feb.  1894. 
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Some  years  ago  I  desoribed  before  the  Olacialists*  Association 
beds  of  gravel  oontaining  rolled  clay  balls,  occurring  at  Ofiferton  and 
Romiley  in  Cheshire.  These  beds  form  the  cores  of  glacial  mounds 
which  oan  be  exactly  matched  by  mounds  now  being  formed  by 
glaciers  in  places  the  sea  does  not  reach. 

The  most  ardent  supporters  of  the  submergence  hypothesis  would, 
I  think,  hesitate  before  attributing  such  mounds  to  shore  action, 
even  though  they  contain  clay  balls. 

Is  the  presence  of  clay  balls  in  a  deposit  proof  of  shore  conditions 
in  a  tidal  sea  ?     Running  water  may  be  essential  to  their  formation, 
but  surely  there  would  be  enough  of  that  in  the  drainage  system . 
of  a  great  glacier. 

But  we  are  told  "  if  they  were  constantly  immersed  they  would 
get  dissolved."  Why  have  they  not  been  "  dissolved "  out  in  their 
present  situation?  The  conditions  could  hardly  have  been  more 
favourable,  for  the  gravel  lies  between  two  impervious  beds  of 
boulder  clay  and  forms  a  natural  line  of  drainage. 

The  reason  is  best  given  in  Mr.  Reade's  own  words.  The  "  balls 
are  covered  over  their  surface  with  small  gravel,  shells  and  sand." 
They  are  thus  armour-plated,  and  Sir  Henry  de  la  Beche^  pointed 
out  the  significance  of  this  fact  long  ago.  He  shows  that  clay 
containing  fine  gravel  would  not  be  acted  on  by  running  water 
with  a  velocity  of  less  than  12  inches  per  second. 

It  is  then  no  question  of  getting  *'  partially  dried  during  recession 
of  the  water  twice  in  24  hours,"  and  their  presence  in  a  bed  affords 
no  evidence  of  tidal  action. 

Glacialists  will  thank  Mr.  Reade  for  responding  to  their  request 
to  show  them  the  shore  lines  of  the  supposed  glacial  sea,  but  to 
be  convincing  they  must  be  supported  by  evidence  different  from 
that  given  in  his  paper. 

Postscript, — Since  the  above  was  written  an  article  has  appeared  in 
the  Glacialists'  Magazine  (March,  1894)  by  Prof.  N.  H.  Winchell, 
State  Geologist,  Minneapolis,  Minn.,  on  "  Pebbles  of  Clay  in 
Stratified  Gravel  and  Sand." 

He  gives  several  instances  of  clay  balls  occurring  in  stratified 
drift  in  America,  and  in  places  where  marine  action  was  quite  out  of 
the  question. 

He  concludes  that  clay  balls  "  may  be  produced  and  embedded  in 
gravel  and  sand  which  was  the  direct  result  of  the  wastage  of  the 
glacier,  and  that  they  are  not  unquestionable  evidence  of  the  former 
action  of  an  oceanic  shore  line." 


YIII. — On    the    Oocurrenok  of  Piqotitk    in   the    Caves    near 

PORTHOURNOW,    St.     LevAN,    CORNWALL. 
By  J.  K.  Creiohton. 

HAVING  heard  from  my  esteemed  friend  and  colleague,  Mr. 
J.  W.  Wetherell,  that  some  years  ago  a  brown  crystalline 
substance  had  been  found  in  a  cave  close  to  the  sea,  and  situate 

^  Geological  Manual,  p.  51. 
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between  Portfaournow  and  Porthchapel,  I  was  impelled  to  make  a 
•earch  for  the  mineral.  Last  Jul;  I  suooeeded  in  finding  a  cave 
near  Portfaournow,  tbe  small  opening  into  wbioh  was  parUally 
hidden  by  masses  of  fallen  rock ;  here  I  found  after  a  rongfa 
examination  traces  of  tbe  mineral  for  which  I  was  looking.  Id 
the  course  of  tbo  next  few  days  I  made  a  oomplete  survey  of  tbe 
oare,  which  is  about  75  feet  long  and  15  feet  wide,  and  varies  from 
10  to  15  feet  in  height.  At  some  distance  from  the  opening  is 
a  large  block,  which  permits  only  little  light  to  reaoh  tbe  farther 
end  of  (he  cave;  the  greater  part  of  the  block  is  ooTeied  with  a 


crust,  varying  from  1  to  15  linea  in  tbit^ness,  of  tbe  mineral  in 
question  ;  tbe  crust  had  apparently  been  a  result  nf  the  oontinnons 
drip  of  water  from  that  part  of  tbe  roof  which  is  immediately 
above.  Other  crusts  found  at  the  farther  end  of  tbe  cave  were 
from  10  to  30  lines  in  thickness.  As  the  nature  of  tbe  mineral 
was  not  known  to  anyone  in  the  Deighbourhood,  1  sent  a  fragment 
to  the  Natural  History  Museum  at  South  Eeusington,  where  it  was 
examined  by  Mr.  Fletcher.  Ue  Bent  me  tbe  following  information  ;— 
"  Tbe  dark  brown  fragment  is  opaque  in  the  mass,  but  transmits 
light  of  a  rich  red  colour  through  its  thinner  edges  ;  it  has  tbe  lustre, 
fracture,  brittleness,  low  specific  gravity,  and  indeed  the  geueial 
aspect,  of  an  ordinary  resin ;  to  one's  surprise,  however,  a  flake 
held  in  s  );aB-flame  refuses  to  bum.  Heated  on  a  platinum  lid 
to  a  red  heat,  a  fragment  slowly  burns  away,  and,  after  final 
heating  with  the  blowpipe,  leaves  a  grey  ash  ;  heated  in  a  glass-tube 
open  at  only  one  end  a  fragment  gives  ofi'  much  water  and  enipy- 
reumatio  products,  and  leaves  a  black  mass  behind.  Tbe  powdered 
mineral  is  of  a  yellow  colour.  These  characters  and  behaviour 
indicate  that  the  substance  you  have  sent  me  is  identical  with  a 
mineral  desoribed  before  the  Boyal  Society  more  than  fifty  years 
ago  by  Mr.  James  F.  W.  Johnston,  M.A.,  F.R.S.,  and  named  by 
him  Pigotite  after  tbe  Bev.  M.  Pigot,  tbe  co-discoverer." 

Mr.  Fletcher  at  the  same  time  sent  me  a  copy  of  Mr.  Johnston's 
paper,  from  which  I  find  that  tbe  resin,  "  which  bad  been  found 
as  an  incrustation  on  the  sides  of  certain  caves  occurring  in  tbe 
granitic  clifis  on  tbe  east  and  west  coast  of  Cornwall,"  was  regarded 
as  a  chemical  compound  of  alumina,  a  new  organic  acid  (mndesous 
acid)  and  water.    As  regards  ita  mode  of  origin  Mr.  Johnston  sayi 
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''the  organio  oonstituent  of  this  substanoe  may  be  considered  to 
be  derived  from  the  decay  of  the  various  plants  which  grow  on  the 
moist  moorlands  above,  and  which,  being  carried  by  the  waters 
into  the  fissures  of  the  granite  beneath,  combines  with  the  alumina 
of  the  decomposed  felspar;  and  when  it  reaches  the  air  deposits 
itself  on  the  roof  and  sides  of  the  caverns  in  the  form  of  layers^ 
varying  from  a  line  to  two  or  three  inches  in  thickness." 

The  mode  of  occurrence  in  the  cave  near  Porthcumow  agrees 
with  the  description  given  by  Mr.  Johnston :  over  the  cave 
grow  furze  and  bracken,  and  in  the  cave  itself  is  a  remarkable 
moss ;  fissures  are  visible  in  the  roof  at  the  farther  end.  The  back 
of  the  cave  gradually  slopes  towards  the  above-mentioned  block. 

The  Pigotite  is  also  found  on  the  roof  of  the  cave,  but  there 
has  a  different  form,  the  surface  being  rippled  and  the  ripple-marks 
being  in  some  cases  most  distinct  in  character;  in  rare  cases  the 
form  is  serrated  or  dentated,  and  is  suggestive  of  a  mimicry  of 
certain  fossil  remains,  reminding  one  of  the  teeth  of  Ceratodus  from 
the  Rhsetio  beds  (see  Woodcut,  p.  224).  The  frangibility  of  the 
mineral  makes  it  difficult  to  obtain  large  specimens  of  any  kind. 

In  the  following  month,  from  another  cave  only  accessible  at 
certain  tides,  I  obtain«i  a  small  amount  of  Pigotite  with  somewhat 
different  characters ;  u  was  more  transparent,  and  in  some  cases 
of  a  rich  yellow  colour,  in  others  ruby  red ;  this  kind  has  the 
general  form  of  an  efflorescence. 

It  may  be  hoped  that  the  rediscovery  of  this  mineral  may  induce 
some  chemist  to  make  a  more  complete  examination  of  so  extra- 
ordinary a  compound. 


isroTiCES  o:f  il^eil^oii^s. 


On  thk  Stkucture  of  the  Frknch  Alps.    By  Professor  Maboel 
Bebtband.     Translated  from  CompieB  Bendua. 

FOXm  years'  work  in  the  Maurienne  and  Tarentaise  at  first  led 
me  to  adopt  the  views  of  our  Italian  colleagues  with  regard 
to  the  *'  lustrous  schists,"  and  to  consider  them  Palaeozoic  in  age. 
This  year,  however,  I  have  found  conclusive  sections  which  compel 
me  to  return  to  the  old  opinion  of  Lory,  and  to  assign  them  to 
the  Trias  and  even  in  part  to  the  Lias.  The  proofs,  which  I  shall 
give  elsewhere,  are  closely  connected  with  general  conclusions  on 
tlie  structure  of  the  region  studied,  and  may  even  I  believe  extend 
U)  the  whole  chain.  It  is  these  which  I  wish  to  enumerate  briefly 
here. 

(1)  The  French  Alps  possess  fan  structure.  The  Carboniferous 
he  It,  stretching  from  Bourg  St.  Maurice  to  Brian  ^on,  is  the  centre 
of  the  fan.  Along  its  edges  on  either  hand  there  is  a  sort  of  narrow 
frontier  zone  in  which  the  exact  direction  of  overthrusting  is  un- 
certain ;  but,  once  this  zone  is  passed,  all  the  folds  on  the  east 
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Bide  incline  towards  Italy,  and  all  those  on  the  west  towards 
France.^ 

The  exceptions  to  this  rule,  sach  as  the  fans  of  Mont  Blanc  and 
St.  Gothard,  are  infrequent  and  accidental.  Side  by  side  with 
classic  sections  of  these  massifs,  which  show  fan  structure,  I 
believe  that  one  could  cite  others,  parallel,  where  it  is  wanting. 
Besides,  such  exceptions  are  only  to  be  seen  on  the  flanks  of  the 
'' araygdaloidal  massifs,"  to  which  I  shall  shortly  refer.' 

Towards  the  north-east  on  reaching  the  (Swiss-Italian)  frontier 
the  central  zone  swells  out  considerably,  so  as  to  embrace  ike  whole 
Monte  Bosa  massif;  in  this  broadened  zone  the  folds  are  not  inclined 
in  any  one  determinate  direction. 

On  the  south  the  zone  undergoes  a  more  extraordinary  change ; 
instead  of  being  occupied,  as  seems  natural,  by  the  most  ancient  rocks 
arranged  in  an  anticlinal,  it  is  made  up  of  the  most  recent  rocks, 
the  nuramulitic  beds,  and  the  flysch.  The  central  zone  is  marked^ 
geologically  speaking  at  least,  not  by  an  uplift  hut  by  a  depression, 
A  preliminary  note  by  MM.  Kilian  and  Uaug  has  told  us  that  in 
this  new  region  (nummulitic  band  of  Ubaye)  there  seem  to  be 
peculiarities  altogether  unique  in  the  Alps— inclined  folds  of  pre- 
Eocene  date.  Possibly  these  peculiarities  can  be  correlated  with 
the  great  and  sudden  lowering  of  the  central  zone  of  the  fan. 
However  that  may  be,  the  Eocene  band,  from  the  point  of  view  of 
the  inclination  of  the  folds,  certainly  plays  the  same  part  as  the 
Carboniferous  belt ;  all  the  western  folds  incline  towards  France, 
all  the  eastern  ones  towards  Italy.  Moreover,  further  on,  the 
Mercantour  massif,  nsing  within  the  Eocene  belt,  marks  a  tem- 
porary return  to  a  sharply  anticlinal  form.  It  seems  to  me,  on 
comparing  the  folds  of  which  the  bearing  is  known  in  the  inter- 
vening region,  that  the  centre  of  the  Alpine  fan  corresponds  exactly 
with  that  of  the  Pyrenees. 

(2)  The  plan  of  the  folds  in  this  part  of  the  Alps  shows  an 
**  amygdaloidal  or  headed  structure "  (une  structure  amygdaloide 
on  en  chapelets),  that  is,  the  folds,  while  following  the  general 
trend  of  the  chain,  open  out  here  and  there  round  elliptical  leuticles, 
themselves  broken  by  new  folds  which  have  the  same  direction  but 
are  not  prolonged  beyond  them.  The  system  thus  presents  a  series 
of  nodes  and  ventral  segments  comparable  with  the  foliation  of  an 
augen  (amygdaloide)  gneiss,  in  which  the  folia  bend  round  great 
kernels  (noyaux)  of  quartz  and  felspar. 

To  give  an  idea  of  the  importance  of  such  kernels  I  will  cite  first 

^  It  is  by  virtue  of  this  fan  structure  that  the  relatiyely  recent  date  of  the 
'Mustrous  schists"  can  be  demonstrated.  Throughout  almost  the  entire  range  of 
these  schists  order  of  superposition  proves  nothing,  because  the  structure  is  uniclinal. 
Fortunately  certain  great  patches  are  still  left  on  the  summit  of  the  fan.  Thus  not 
only  is  evidence  of  superposition  perfectly  clear,  but  it  is  such  as  to  allow  no  other 
interpretation. 

'  There  would  be,  it  is  true,  an  important  exception  if  the  massifs  of  Annes,  the 
Chablais,  the  Faulhom,  and  the  nortn  fold  of  Glarus  are,  as  is  usually  maintained, 
true  anticlinal  masses.  This  exception  would  disappear  if  they  are  overtnrust  masses. 
Thanks  to  the  work  of  M.  Schardt,  attention  is  now  definitely  chawn  to  this 
problem,  which  I  believe  to  be  on  the  eve  of  solution. 
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the  example  of  Mont  Blanc,  a  great  kernel  rising  in  the  middle  of  a 
Liassic  synoline,  which  shuts  in  round  it.  In  the  region  to  which  I 
have  devoted  special  attention,  the  Yanoise,  Mont  Pourri,  with  the 
Aiguille  du  Midi,  the  massif  of  the  little  Mont  Cenis,  and  probably 
that  of  tbe  Grand  Paradis,  all  owe  their  existence  to  a  like 
phenomenon ;  on  the  other  hand,  the  massif  of  the  great  Sassi^re, 
and  that  of  the  Sana,  are  due  to  the  sudden  broadening  of  synclinals ; 
in  place  of  the  ancient  rocks  it  is  the  most  recent  ones  which 
are  here  developed,  but  the  system  of  folds  sweeps  round  these 
widen ings  in  just  the  same  fashion  and  opens  out  and  shuts  in 
round  them. 

I  do  not  think  that  we  have,  at  least  on  a  large  scale,  anything 
strictly  comparable  to  this  amygdaloidal  itruciure,  unless  it  be  the 
crystalline  region  of  the  Lake  of  the  Woods  in  America.  Mr. 
Lawson  derives  one  of  his  arguments  from  this  structure  to  prove 
that  the  kernels  formed  of  granitoid  gneiss  are  eruptive  in  origin. 
Without  contesting  Mr.  Lawson's  conclusions  on  this  ground  we 
may  point  out  from  the  structure  of  our  Alps  that  this  argument,  if 
it  stood  alone,  would  be  valueless. 

(3)  A  third  conclusion  is  the  generalization  of  that  which  M. 
Termier  has  already  drawn  from  the  study  of  Vanoise.  On  the  east 
of  the  Carboniftrous  band  metamorphi$m  increases  from  west  to  east. 
I  am  driven,  as  was  M.  Termier  in  the  Vanoise,  to  place  confidently 
in  the  Permo-Triassic  the  ancient  chloritic  gneisses  and  mica 
schists  of  Mont  Pourri,  little  Mont  Cenis,  and  of  the  Val  Grisanche, 
a  continuation  of  the  **  Casanna  schists  "  of  Gerlach.  Most  of  these 
arguments  apply  to  the  augen  gneisses  of  the  Grand  Paradis,  that  is 
those  which  have  been  designated  central  gneiss;  this  would  be  a 
last  term  of  the  same  metamorphism.  It  is  to  be  noticed  that  in 
certain  masses  like  the  Dent  Blanche  and  Monte  Rosa  we  see, 
according  to  Gerlach,  rising  like  an  anticlinal  from  under  this  gneiss 
(or  Casanna  schist)  still  more  ancient  gneiss  pierced  by  numerous 
granite  veins,  whilst  such  veins  are  absolutely  wanting  in  the 
massifs  previously  cited  ;  this  is  certainly  a  new  argument.  No 
region  offers  a  more  favourable  field  for  continuing  those  micro- 
graphic  studies  so  brilliantly  inaugurated  by  M.  Termier  in  the 
Vanoise,  and  it  is  to  be  hoped  that  we  may  be  able  to  follow  up 
in  the  formation  and  arrangement  of  the  minerals  all  the  stages 
to  what  it  is  at  present  convenient  to  term  true  gneiss. 

This  conclusion  is  analogous  to  that  which  M.  Lessen  has 
established  for  the  ancient  Hercynian  Chain,  where  the  Devonian 
in  a  similar  central  zone,  situated,  however,  rather  south  of  the 
centre,  takes  the  form  of  mica  schists  and  gneiss.  It  is  right  also 
to  recall  that  M.  Suess  in  1869  made  out  a  link  between  certain 
gneisses  of  the  Camic  Alps  and  the  Casanna  schists  in  attributing  a 
Permian  age  to  them  both. 

I  think  it  right  to  add  that  in  favour  of  this  last  conclusion,  at 
least  in  its  general  form,  one  can  at  present  only  give  arguments, 
and  not  proofs,  so  that  it  is  as  well  to  separate  it  from  the  first 
twopropositi  ons,  which  appear  to  me  to  be  definitely  established. 
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li  E  V  I  E  'W^  S. 
I.  —  Descbiftion    de    la     Faune     Jurabsique     du     Pobtuoal. 

EmBRANCHEMENT      DE8      £ghINODEBME8.        Par     p.     DE     LORIOL. 

CommisBion  des  Travaox  Geologiqnes  du  PortugaL     pp.  109- 
179  ;  pis.  xix.-xxix.    (Lisbonne,  1890-91.) 

THIS  is  the  second  and  oonol tiding  part  of  M.  de  Loriol's 
admirable  monograph  on  the  Jurassic  Eohinoderms  of 
Portugal.  It  first  treats  of  the  Irregular  or  Exooydioal  Eobinoids, 
of  which  16  species  are  described,  belonging  to  the  genera 
HolectypuSy  Pygaster,  Pileus,  Pyrtna,  EchinohriiBus,  PyguruB,  and 
CollyriteB,  Several  of  the  species  occur  also  in  the  corresponding 
Jurassic  beds  in  this  country.  Of  the  Starfishes,  only  one  species, 
A»pida8ter  Delgadoif  de  Lor.,  has  been  met  with,  which  is  the  type 
of  the  genus.  The  author  considers  that  the  well-known  Oreaster 
hulhiferuBj  Forbes,  from  the  Upper  Chalk  of  this  country,  sub- 
sequently placed  in  an  existing  genus,  Pentaceros,  should  rightly 
be  included  in  ABpidaster.  There  are  34  species  of  Crinoids 
belonging  to  the  following  genera :  Dolichoerinus^  MUlericrinuB, 
PentacrinuB,  BalanocrinuBf  ExiracrinuB,  Antedon,  and  Thollieri' 
crtnuB.  Some  of  the  species  are  based  merely  on  the  characters 
of  portions  of  the  stems,  more  particularly  amongst  the  Penta- 
crinoids,  and  in  the  genus  BalanocrinuB  there  are  six  species 
described  wholly  from  joints  of  the  stem ;  neither  in  Portugal  nor 
elsewhere  has  the  calyx  of  this  genus  been  yet  brought  to  light. 
In  his  description  of  EugeniacrinuB  caryophyUatuB,  M.  de  Loriol 
points  out  the  importance  of  Mr.  Bather's  observations  on  the 
presence  of  basals  in  a  certain  stage  of  the  development  of  this 
form,  which  have  evidently  in  the  course  of  its  growth  been 
absorbed  into  the  first  radials  ;  at  the  same  time  he  thinks  it  correct 
to  define  the  genus  EugeniaciinuB  as  without  basals,  since  in  the 
mature  stage  of  the  animal,  on  which  the  generic  characters  are 
based,  they  are  no  longer  present.  In  the  family  of  the  EugeniacrinidsB, 
however,  some  genera,  as  TrigonocrinuB,  Bather,  and  J)olickocnnuB, 
de  Lor.,  have  basals  preserved  in  the  calyx ;  but  the  author  follows 
the  late  Dr.  H.  Carpenter  in  excluding  from  it  EudeBtcrinuB,  de  Lor., 
which  comes  properly  into  the  family  Holopidae.  In  another  very 
peculiar  form,  DolichocrintiB  aberratiBy  de  Lor.,  likewise  placed  in  the 
family  Eugeniacrinidse,  basals  were  clearly  present,  and  the  first 
radials,  five  in  number,  are  extremely  long,  and  form  by  their  union 
a  cylindrical  tube  deeply  furrowed  in  its  interior. 

In  the  first  part  of  this  monograph  95  species  of  Endocyclical 
Echinoids  were  described,  thus  bringing  a  total  of  146  species  of 
Eohinoderms  in  the  Jurassic  strata  of  Portugal,  of  which  69  are 
new  forms.  This  number  is  relatively  small  when  compared  with 
those  knowd  from  the  corresponding  strata  in  France.  The 
Lusitanian  stage  of  M.  Chofiat,  which  comprises  the  higher 
horizons  of  the  Jurassic  strata  in  Portugal,  is  most  prolific  in 
Echinoderms.     A  notable  feature  is  the  enormous  predominance  of 
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the  Endooyolical  over  the  Exocyolical  Eohinoids  in  the  Portuguese 
Jurassic. 

The  different  forms  are  fully  illustrated  in  the  accompanying  ten 
lithograph  plates,  and  we  may  congratulate  the  Geological  Survey 
of  Portugal  on  tne  satisfactory  manner  in  which  it  has  puhlished 
this  monograph. 

II. — Bepobt  on  thb  Fobaminifeba  dbbdoed  bt  n.M.S.  "Gazelle/' 
DUBiNG  THE  Yeabs  1874-76.  By  Dr.  J.  G.  Eogeb,  etc.,  etc. 
With  one  Chart  and  21  pages  of  figures.     4to.  Munich,  1893. 

[FoBAMiNiFEBEN  Aus  Meebesobundpbobbn,  eto.     Ahhaudl.   k. 
bayer.  Akad.  Wiss.,  ii.Cl.,  xviii.Band,  ILAbtheil.] 

"Vr  EARLY  all  the  Foraminifera,  from  Nummulites  downwards, 
Xl  are  of  interest  to  Geologists ;  for  in  many  instances  they  go 
far  to  constitute  the  mass  of  rock ;  and  often  their  particular  forms, 
or  the  general  facies  of  a  series,  characterize  certain  groups  of  strata. 
For  instance,  the  special  Carboniferous  Endothyrae  and  FusulinsB, — 
the  poor  breed  of  Nodosariso  and  Cristellarise  in  the  Idas  and  Oolites, 
— the  manifold  arenaceous  species  in  the  Jurassic  clays, — the  well- 
grown  Nodosarise  and  Cristellariso  of  the  Cretaceous  formations, — the 
distinctly- various  Lower -Tertiary  Nummulites, — the  PolymorphinsB 
of  the  Lower  Crag, — and  the  large  Nodosarise  and  Cristellarisd  in 
the  Upper  Tertiaries  of  Italy.  Some  such  groups  are  met  with  in 
existing  seas;  and  other  groups  of  living  Foraminifera  dominate 
here  and  there. 

This  fact  is  well  shown  in  Dr.  Egger's  Report  on  the  deep-sea 
Foraminifera  obtained  by  H.M.S.  **  Gazelle,"  sent  out  by  the  German 
Government  in  1874.  The  scientific  results  of  this  voyage  were 
published  in  5  vols.  4to.  Berlin,  1888-90,  excepting  this  Report, 
which  has  been  communicated  to  and  published  by  the  Munich 
Academy  of  Sciences. 

Precise  economy  has  been  practised  in  the  production  of  text  and 
plates.  For  the  nomenclature  and  synonomy  the  reader  is  referred, 
for  the  most  part,  to  Dr.  H.  B.  Brady's  Report  on  the  Foraminifera 
dredged  by  H.M.S.  "Challenger"  (2  vols.  4to.  London,  1884) ;  and 
the  multitudinous  figures  are  massed  in  21  pages  of  the  text, 
having  been  copied  and  printed  by  the  Meisener-Riflfarth  process. 
Thus  the  Porcellanous  forms  are  closely  grouped,  as  189  species, 
in  plates  i.  ii.  and  iii.  at  pages  26,  So,  and  49 ;  the  Arenacea  in 
plates  iv.  and  v.  with  98  species,  at  pages  60  and  67 ;  Textularies  in 
pis.  vi.  and  vii.  with  108  species,  at  pages  76  and  85 ;  and  so  on 
with  the  Hyalina ;  Bulimina,  Polymorph ina,  Lagena,  Nodosaria, 
Cristellaria,  Globigerina,  etc.,  having  separate  pages,  on  which  the 
crowded  types  and  varieties  may  be  studied  at  once,  at  pages  90, 
114,  128,  146,  157,  and  164.  Eight  more  pages,  of  411  figures,  are 
devoted  to  the  Rotalians  and  other  interesting  forms. 

This  wealth  of  illustrations,  crowded  into  21  pages,  if  not  good 
as  artistic  plates,  are  yet  very  good  and  useful  as  galleries  of 
portraits,  bringing  whole  collections  of  types  and  their  varieties  — 
the  heads  of  families  and  all  their  collateral  relatives — under  the 
eye  at  once  and  in  close  proximity  to  one  anotiher.  T«'^.  ^^ 
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NoKMANDiE.  Pbkmier  MiMoiBB  SUR  LBS  Tbiqoniks.  Par  A. 
Bigot.  Memoires  de  la  Societe  Liuneenne  de  Normandie,  xvii® 
volume,  2^  fascicule.  4to.  pp.  261-345,  pis.  viii-xviL  (Caen, 
1893.) 

rVHE  collection  of  fossils  belougiug  to  the  Faculty  des  Scienoes  of 
JL  Caen  comprises  a  large  number  of  TrigoniaB,  which  have  been 
mostly  obtained  from  the  same  beds  and  localities  of  the  Jurassic 
series  in  Normandy  which  furnished  the  type  specimens  described 
by  Agassiz  and  by  D^Orbigny.  The  late  E.  £.  Deslongchamps 
made  a  preliminary  study  of  these  forms,  without,  however,  leaving 
behind  more  than  a  few  notices  respecting  them ;  his  successor, 
Prof.  Bigot,  has  undertaken  their  iuTestigation  afresh,  at  the  same 
time  retaining  the  MS.  names  which  Deslongchamps  had  bestowed 
upon  the  new  species.  This  Memoir  treats  of  the  forms  from  the 
Inferior  Oolite,  the  Oreat  Oolite,  and  the  Oxford  and  Kimmeridge 
Clays  of  Normandy,  but  it  does  not  include  those  from  the  Lias  of 
the  same  region,  nor  the  Portland  species  from  Bray,  which  latter 
have,  moreover,  been  carefully  studied  by  Munier  Chalmas,  de 
Loriol  and  Pellat.  In  all,  Prof.  Bigot  here  describes  about  fifty 
species,  amongst  which  twenty-one  are  new. 

In  his  introductory  remarks,  the  author  considers  that  the  section 
"  Olabrae  *'  of  Agassiz  might  be  suitably  divided  into  three ;  a 
grouping  already  iu  part  suggested  by  Lycett.  The  first  of  these, 
*'  Semi-laeves,"  includes  T,  Lingonemii,  Dum.,  T.  Beesleyana,  Lycett, 
and  T,  Eudeai,  n.sp.,  from  the  Lias,  Bajocieu  and  Bathonien  respec- 
tively. The  second,  *'  Gibbosse,*'  has  for  its  principal  species 
T.  gibhosOf  Lycett,  T,  Manselli,  Lycett,  and  T,  Damonianay  from 
the  English  Portland  Beds,  and  five  other  species  from  the  Upper 
Jura  of  France.  In  the  third  section,  "  Excentricaa,"  are  ranged 
species  which  commence  in  the  Upper  Jura  and  continue  into  the 
Cretaceous  ;  the  typical  species  are,  T.  exeentrioa^  Sow.,  T.  lieviuscttla, 
Lycett,  and  T.  Bolonienaity  de  Loriol. 

The  detailed  descriptions  and  excellent  figures  which  Prof.  Bigot 
has  given  of  these  Normandy  forms  are  of  particular  interest  to 
English  students  of  Trigoniai,  in  view  of  the  fact  that  the  types  of 
more  than  one-third  the  number  of  the  species  here  described  belong 
to  the  Jurassic  rocks  of  this  country,  and  the  author's  review  of  the 
descriptions  of  Lycett,  Morris  and  Sowerby  deserves  the  most  careful 
consideration.  G.  J.  H. 
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L— .March  7th,  1894.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  The  Systematic  Position  of  the  Trilobites."  By  H.  M.  Bernard, 
Esq.,  M.A.,  F.L.S.,  F.Z.S.  (Communicated  by  Dr.  Henry  Woodward, 
r.R.S.,  P.G.S.) 
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The  author,  in  his  work  on  "The  Apodid»,"  endeavoured  to 
show  that  the  Apm  was  the  anoestral  form  of  all  existing  Crustacea 
except  the  Ostracoda,  and  a8  such  might  be  expected  to  throw  light 
upon  the  Trilobites.  Since  the  publication  of  this  work  he  has 
been  studying  the  organization  of  the  trilobites  themselves,  and  the 
results  are  given  in  the  present  communication.  He  discusses  the 
great  variability  in  the  number  of  segments  shown  by  the  trilobites ; 
the  formation  of  the  head  by  the  gradual  incorporation  of  trunk- 
segments;  the  bending  round  ventrally  of  the  first  segment;  the 
"  wandering "  of  the  eyes ;  the  existence  and  modification  of  the 
"dorsal  organ ; "  and  especially  the  character  of  the  limbs. 

As  a  result  of  this  discussion,  he  states  that  the  zoological  position 
of  the  trilobites  can  now  be  fixed  with  considerable  probability. 
The  features  described  serve  to  connect  the  trilobites  with  Apua. 
ApuB  must  he  assumed  to  lie  low  in  the  direct  line  up  from  the 
original  annelidan  ancestor  towards  the  modern  Crustacea,  and  the 
trilobites  must  have  branched  off  laterally  from  this  line,  either 
once  or  more  than  once,  in  times  anterior  to  the  primitive  Apus, 
as  forms  specialized  for  creeping  under  the  protection  of  a  hard 
imbricated  carapace,  obtained  by  the  repetition  on  every  segment  of 
the  pleurae  of  the  head-segments,  which  together  form  the  head- 
shield. 

The  trilobites  may  be  briefly  described  as  fixed  specialized  stages 
in  the  evolution  of  the  Crustacea  from  an  annelidan  ancestor  with 
its  mouth  bent  round  ventrally,  so  as  to  use  its  parapodia  as  jaws. 

2.  "Landscape  Marble.*'  By  Beeby  Thompson,  Esq.,  F.G.S., 
F.CS. 

The  Cotham  Stone  is  a  hard,  close-grained,  argillaceous  limestone 
with  conchoidal  fracture.  The  dark  arborescent  markings  of  the 
stone  rise  from  a  more  or  less  stratified  dark  base,  spread  out  as 
they  rise,  and  terminate  upwards  in  wavy  banded  portions  of  the 
limestones.  In  some  specimens  two  "  landscapes  '*  are  seen,  one 
above  the  other,  each  rising  from  a  distinct  dark  layer. 

The  author  describes  the  microscopical  and  chemical  characters 
of  the  rock,  and  its  mode  of  occurrence,  and  discusses  the  explana- 
tions which  have  been  put  forward  to  account  for  its  formation, 
eppecially  that  of  Edward  Owen,  who  in  1754  gave  the  first  pub- 
lished description  of  the  Ck)tham  Stone,  and  that  advanced  by  Mr. 
H.  B.  Woodward  in  the  Geological  Magazine  for  1892.  He  then 
proposes  a  new  explanation  to  account  for  the  formation  of  the  rock, 
and  maintains  that  its  peculiar  characters  are  due  to  interbedded 
layers  of  vegetable  matter,  which  decomposed  and  evolved  carbonic- 
acid  gas  and  marsh-gas.  This  decomposition  continued  while  several 
inches  of  new  sediment  were  laid  down,  the  result  being  that  arbor- 
escent markings  were  produced  along  the  lines  taken  by  the  escaping 
bubbles,  and  that  the  upward  pressure  of  these  gases,  after  their 
escape  had  been  prevented  by  increasing  coherence  or  greater 
thickness  of  the  upper  layers  of  sediment,  caused  the  corrugations 
in  the  upper  surface  of  the  stone.  He  further  discusses  the  com- 
position of  the  stone,  and  describes  experiments  which  he  made  to 
illustrate  his  views. 
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8.  <<  On  the  Diaoovery  of  HoUasos  in  the  Upper  Eenper  at 
Sbrewley,  in  Warwickslure."  By  the  BeT.  P.  B.  Brodie,  M.A., 
P.G.S. 

Mr.  R  B.  Newton  read  a  paper  at  the  meeting  of  the  British 
Assooiation  at  Kottingbain  in  1893,  on  some  Lamellibranchs  found 
at  Shrewley  by  the  author  of  the  present  paper  and  Mr.  Bicharda. 
In  this  paper  details  of  the  section  where  the  shells  were  fonnd  are 
given,  and  their  interest  and  importanoe  pointed  out^  no  shells 
having  been  previously  detected  anywhere  in  the  New  Bed  Sand- 
stone in  this  country. 

II.— March  21st,  1894— Dr.  Henry  Woodward,  F.B.a,  President, 
in  the  Chair. 

The  President  gave  expression  to  the  feelings  of  regret  with 
which  the  Society  had  received  the  announcement  of  the  death  of 
Mr.  William  Pengelly,  F.R.S.»  of  Torquay.  He  had  been  a  Fellow 
since  1850,  and  had  taken  a  leading  part  in  the  exploration  of 
Kent's  Cavern,  Toiquay,  and  Brixham  Cave.' 

The  following  communications  were  read : — 

1.  "On  the  Origin  of  certain  Novaculites  and  Quartzites."  By 
Frank  Ratley,  Esq.,  F.G.S.,  Lecturer  on  Mineralogy  in  the  Eoycd 
College  of  Science,  London. 

The  novaculites  of  Arkansas  have  already  been  admirably  described 
by  Mr.  Griswold  in  vol.  iii.  of  the  Arkansas  Survey  Report  for  1890. 
One  of  the  characteristic  microscopic  features  in  Ouachita  stone  is 
there  stated  to  consist  in  the  presence  of  numerous  cavities,  often  of 
sharply -defined  rhombohedral  form,  which  Mr.  Griswold  considers 
to  have  been  originally  occupied  by  crystals  of  calcite  or  dolomite. 

The  author,  while  admitting  that  the  cavities  were  no  doubt  once 
filled  by  the  latter  mineral,  ventures  to  differ  from  Mr.  Griswold, 
and  some  of  the  authorities  he  cites,  concerning  the  origin  of  the 
rock.  Crystalline  dolomites,  when  dissolving,  become  disintegrated 
into  minute  but  well- formed  rhombohedra.  As  the  process  of 
dissolution  proceeds  these  crystals  may  become  so  eroded  that  the 
rhombohedral  form  is  no  longer  to  be  recognized.  The  author 
points  out  that  no  inconsiderable  proportion  of  the  cavities  in 
Ouachita  stone  present  irregular  boundaries,  such  as  the  moulds  of 
partially  eroded  rhombohedra  would  show.  He  then  offers  a  fresh 
interpretation  of  these  cavities,  so  far  as  the  origin  of  the  rock  is 
concerned : — 

1st.  He  assumes  that  beds  of  crystalline  magnesian  limestone 
have  been  slowly  dissolved  by  onlinary  atmospheric  agency  and  the 
percolation  of  water  charged  with  carbonic  acid  or  other  solvent. 

2nd.  That,  as  the  limestone  was  being  dissolved,  it  was  at  the 
same  time  being  replaced  by  silica,  which  enveloped  minute  i8olated 
crystals  and  groups  of  crystals,  some  perfect,  others  in  various  stages 
of  erosion. 

.Srd.  That  the  silica  assumed  the  condition  of  chalcedony,  its 
specific  gravity,  as  stated  by  Mr.  Griswold  and  as  determined  by  the 
author^  being  low  in  comparison  with  that  of  quartz. 

^  See  OUt^ax^,  ^,  7a&. 
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4th.  The  residaum  of  the  original  dolomite  or  dolomitic  lime- 
stone was  removed,  leaving  the  perfeot  and  imperfect  rhombohedral 
cavities. 

A  calciferons,  gold-hearing  quartzite  from  the  Zululand  gold-fields 
is  described  and  a  similar  origin  is  ascribed  to  it,  but  in  this  case 
the  original  rock  appears  to  have  been  simply  a  limestone,  not  a 
dolomite.  The  gold  seems  to  occur  chiefly  in  the  calcareous  portions 
of  the  rock.  The  author  has  also  been  tempted  to  suggest  a  similar 
origin  for  the  saddle-reefs  of  the  Bendigo  gold-field.  In  all  of  these 
cases  the  train  of  reasoning  is  based  upon  the  conclusions  arrived  at 
in  his  previous  paper  **0n  the  Dwindling  and  Disappearance  of 
Limestones."  He  indicates  that  the  stratigraphical  relations  of  the 
Arkansas  novaculites,  as  described  in  Mr.  Griswold's  Report,  are 
such  as  to  warrant  the  assumption  that  limestones  once  occurred  in 
the  position  now  occupied  by  beds  of  novaculite.  Many  collateral 
matters  are  dealt  with  in  the  paper  which  cannot  be  given  in 
abstract ;  among  them  is  an  attempt  to  classify  quartzites. 

2.  "  Note  on  the  Occurrence  of  Perlitic  Cracks  in  Quartz."  By 
W.  W.  Watts,  Esq.,  M.A.,  F.G.S. 

The  author  of  this  communication  describes  some  specimens  of 
the  porphyritic  pitchstone  of  Sandy  Braes  in  Antrim,  which  are 
deposited  in  the  Museum  of  Science  and  Art  in  Dublin,  and  in  that 
of  Practical  Geology  in  Jermyn  Street.  They  exhibit  admirable 
examples  of  perlitic  structure  in  the  brown  glassy  matrix,  and  the 
presence  of  polygonal,  circumferential,  and  radial  cracks  is  noticed. 
The  porphyritic  crystals  of  quartz  are  traversed  by  curved  fissures 
of  retreat,  not  so  perfect  as  those  found  in  the  glass,  but  better  than 
those  usually  produced  by  the  rapid  cooling  of  Canada  balsam.  The 
fissures  in  the  quartz  are  frequently  prolonged  into  the  matrix, 
undergoing  only  a  very  slight  and  almost  imperceptible  deviation 
in  direction  at  the  junction.  But  in  addition  to  this  the  quartz  is 
often  found  to  act  as  a  centre  of  strain,  the  inner  cracks  of  the 
perlite  being  wholly  in  quartz,  the  next  traversing  both,  and  the 
outer  ones  in  glass  only.  In  other  examples  the  outer  cracks  of  a 
matrix  perlite  sometimes  enter  the  quartz,  while  in  others  polygonal 
cracks  occur,  and  join  up  in,  the  quartz  and  give  off  radial  cracks 
precisely  like  those  of  the  matrix.  These  observations  lead  to  the 
conclusion  that  the  quartz  and  glass  must  have  contracted  at  about 
the  same  rate,  and  that  the  observation  of  perlitic  structure  in  a 
rock  with  trachytic  or  felsitio  matrix  by  no  means  proves  that  the 
rock  is  necessarily  a  de vitrified  glass.  References  are  given  to 
somewhat  similar  observations  by  Fouque  and  Michel- Levy,  and 
by  Iddings. 

III.—April  11th,  1894.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  Mesozoio  Rocks  and  Crystalline  Schists  in  the  Lepontine 
Alps."  By  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S.,  F.G.S.,  Professor  of 
Geology  in  University  College,  London,  and  Fellow  of  St  John's 
College,  Cambridge. 
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Tlie  author  describe  thn  retiilU  of  an  ezainiDation  of 
of  Juianic  roctc  in  the  Ureerentbal,  uadertaken  in  the 
finding  some  definite  evidenoe  as  to  the  relatione  of  tl 
exposed  near  the  old  church  at  Altkirohe,  and  the  adjaoen 
rocka.  Good  aeotione  are  few  and  far  betwaen ;  for  the  oom] 
peritifaftble  nature  of  the  rock  causes  it  usually  to  be  n 
ddbris  and  turf. 

I'he  easternmost  of  the  sections  described  oocnn  high 
slopes  north  of  the  Oberald  road.  Read  off  from  the  norl 
it  exhibits  (1)  gneiss.  (2)  phyllites  with  bands  of  snbc 
limestone,  etc. — Jarasaio,  (3)  a  little  reuchwacke,  (4)  " 
goeiiie.  The  next  section  (about  260  feet  above  the  St 
road  at  Altkirobe)  gives  (1)  gneiss,  (2)  covered  ground,  { 
marble,  (4)  pb^llite,  (S)  thicker  mass  of  slabb;  marble,  (6 
etc.,  (7)  "  sericilic  "  gneiss.  The  third  section  (just  above  tt 
runs  thus,  using  nnmbers  to  correspond  with  the  last:  { 
(4)  phyllite,  (5)  slabby  marble,  (6)  phyllite,  etc.,  (7)  " 
gneiss.  It  must  be  remembered  that  on  the  slopes  of  thi 
farther  south,  between  the  "  serioitio  "  gneiss  and  the  "  H 
schists,"  another  dark  phyllite  is  found,  generally  oonaidai 
Swiss  geologists  to  be  Garboniferoua  The  marble  in  the  thi 
is  in  places  distinctly  banded  with  white  mica,  and  pass 
northern  side  into  fairly  normal  mica-sohist  and  quarts 
The  fourth  sectioo,  about  a  mile  away,  on  the  left  bank  of 
valley,  gives  a  praotioally  continuous  section  in  phyllite 
limestone,  without  any  marble.  In  the  fifth  seotioD,  rat 
than  a  mile  farther,  if  any  marble  ba  preseoL  it  is  very 
shattered.  At  Realp,  about  3|  miles  farther,  the  next  go 
is  obtained.  Here  the  rocks  go  in  the  following  order 
northern  side):  (1)  gneiss,  (2)  phyllits  and  limestone, 
crystalline  limestone,  looking  very  crushed,  (4)  the  mi 
p)iyllit«,  etc.,  (6)  Hospenthal  schists.  The  last  group  o 
occurs  near  the  Furka  Pass.  \u  the  first,  crossed  by  the  I 
there  ia  no  marble,  but  a  little  rauohwacke  on  the  soutl 
The  next  one,  on  the  slopes  below  the  pass,  seems  to  i 
masses  of  the  marble  parted  by  a  suborystalline  Hmeetani 
at  Realp,  with  phyllite  above  and  below.  Of  the  two 
marble,  the  southern  one  can  be  traced  right  across  the  Pai 
extent  of  the  other  is  not  so  clear. 

Examination  of  the  marble  mentioned  above  shows  in 
that  it  has  been  considerably  modified  by  pressure  sinoe  it 
crystalline  rock.  The  author  discusses  (he  evidence  of  thesi 
and  maintains  that  the  hypothesis  that  the  marble  is  an  i 
intercalated  by  thrust -faulting  smong  Jurassic  strata  lead 
di£SouIties  than  to  consider  it  as  bel<inging  to  the  same  sysl 

In  the  Utter  part  of  the  paper  the  results  of  a  re-exair 
the  ravine-section  in  the  Val  Ganaria,  and  of  some  stud 
south  side  of  the  Val  Bedretto,  are  described,  which,  as  t 
maintains,  confirm  the  view  already  expressed  by  him, 
the  schists  with  black  garnets,  mica,  kyanite,  dolomite,  a 
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(the  last  sometimes  beooming  marbles)  are  not  altered  Jurassic  rooks, 
but  are  much  older. 

2.  *<  Notes  on  some  Trachytes,  Metamorphosed  Tuffs,  and  other 
Rocks  of  Igneous  Origin,  on  the  Western  Flank  of  Dartmoor."  By 
Lieutenant-General  C.  A.  McMahon,  F.G.S. 

In  this  paper  the  author  notices  the  occurrence  of  felsite  and 
trachyte  at  Sourton  Tor;  of  rhyolite  and  of  aluminous  serpentine 
at  Was  Tor ;  and  of  a  dolerite  at  Brent  Tor  in  the  exact  situation 
indicated  by  Mr.  Rutley  as  the  probable  position  of  the  throat  of 
the  Brent  Tor  volcano. 

The  author  describes  extensive  beds  of  tuffs  at  Sourton  Tor  and 
Meldon,  the  matrix  of  which  has  been  oonverted,  by  contact-meta- 
morphism,  into  what  closely  resembles  the  base  of  a  rhyolite,  and 
which,  in  extreme  cases,  exhibits  fluxion-structure,  or  a  structure 
closely  resembling  it.  The  fragments  included  in  this  base  are  so 
numerous  that  six  or  seven  different  species  of  lavas  may  be  seen  in 
a  single  slide ;  this  fact,  and  a  consideration  of  the  extensive  area 
over  which  these  beds  extend,  lead  the  author  to  believe  that  these 
beds  are  metamorphosed  tuffs  and  not  tufaceous  lavas. 

He  then  describes  some  beds  on  the  flank  of  Cock's  Tor,  which 
give  evidence  on  their  weathered  surface  of  an  original  laminated 
structure  by  exhibiting  a  corded  appearance  like  corduroy  cloth. 
These  beds  are  composed  of  colourless  augite,  set  in  a  base  which  in 
ordinary  light  looks  like  a  structureless  glass,  but  which  between 
crossed  nicols  is  seen  to  be  an  obscurely  crystalline  felspar. 

The  author  compares  these  rocks  with  that  portion  of  the  Lizard 
hornblende  schists  for  which  a  tufaceous  origin  was  proposed  by 
De  la  Beche  and  other  writers,  including  Prof.  Bonney  and  himself. 
He  shows  that  the  Lizard  schists  and  the  Cock's  Tor  rocks  agree  in 
specific  gravity  and  in  some  other  characteristics ;  and  he  concludes 
that  at  Cock's  Tor  the  first  stage  in  the  conversion  by  contact-action 
of  beds  of  fine  volcanic  ash  into  hornblende-schist  had  been  com- 
pleted, and  the  final  stage,  due  to  aqueous  agencies,  had  just  begun. 

The  paper  concludes  with  some  remarks  on  the  relationship  of 
the  epidiorites  to  the  rocks  of  volcanic  origin. 


GEOLOGICAL  DIFFICULTIES  IN  THE  LErONTIKE    ALPS. 

Sir, — Dr.  Stapff's  interesting  paper  in  your  April  Number  seems 
to  call  for  a  few  words  of  explanation  from  myself.  As  regards  the 
Altkirche  marble,  the  problem  which  it  presents  has  been  discussed 
in  a  paper  recently  read  before  the  Geological  Society,  to  which 
I  may  refer.  Here,  it  may  suffice  to  say,  that  I  have  not  denied 
that  certain  limestones  near  Altkirche  may  contain  fragments  of 
organisms,  but  doubt  the  occurrence  of  these  in  the  true  marble. 
I.e.  we  have  here  not  only  to  distinguish  imitative  from  truly  organic 
markings  (in  which  photographic  evidence  often  is  not  sufficient), 
but  also  to  settle  the  age  of  the  rock  in  which  the  latter  occur. 
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As  for  the  Flora  sobists,  I  am  sorry  to  have  miaanderstood  Dr. 
Stapff,  but  think  he  would  have  done  better  to  refer  to  my  letter  as 
published  in  the  Gkologioal  Magazine  (1892,  p.  90)  instead  of  to 
an  abstract  of  it,  necessarily  condensed.  He  will  find  my  words  to 
be  "  If  I  am  right  in  understanding  Dr.  Stapff  to  assign  the  Piora 
schists  to  the  Carboniferous  system,"  eta  The  fact  is  that  I  had 
great  difficulty  in  coming  to  a  conclusion  both  as  to  the  exact 
position  of  the  divisions  which  he  had  drawn  in  bis  published 
sections  and  paper,  and  as  to  how  much  was  oovered  by  the 
terms  which  he  employed.  The  terminology  of  petrologists  at 
present  is  rather  unsettled,  so  that  we  do  not  seldom  find  difficulties 
of  this  kind  arising  in  regard  to  details.  But  if  the  Piora  schists 
are  part  of  a  series  extending  '<  from  the  Carboniferous  to  the 
Jurassic  age,"  I  fear  that  I  must  leave  the  remainder  of  the  sentence 
partly  quoted  at  the  top  of  page  160  otherwise  unaltered. 

My  remark  cis  to  the  inadequacy  of  photographs  to  decide  whether 
organisms  occurred  in  the  Altkirche  marble  applies  equally  to  the 
''sand  grains"  in  the  Guspis  gneiss.  That  a  gneiss  may  be  of 
sedimentary  origin  I  do  not  deny,  but  I  doubt  whether  it  would 
be  possible  to  recognize  with  certainty  the  original  clastic  grains, 
unless  they  had  been  so  large  as  to  make  this  term  inappropriate. 
For  instance,  I  have  examined  many  quartz- schists,  in  which  I 
suspected  certain  grains  to  indicate  the  position  of  original  con- 
stituents, but  have  met  with  only  one  case  which  I  felt  would 
satisfy  a  sceptic  (discovered  by  Mr.  J.  Ecoles  last  summer),  and  here 
they  were  pebbles  rather  than  grains.  But  I  have  seen  many  cases 
where  a  structure,  due  to  the  crushing  of  a  crystalline  rock,  wonder- 
fully simulates  that  of  an  ordinary  clastic  rock,  so,  as  I  have  been 
more  than  once  led  into  error  in  this  matter,  the  proverb  holds 
good,  "  once  bit,  twice  shy."  T.  G.  Bonmey. 

DR.  ALEX.  BROWN   ON  SOLENOPORA. 

Sir, — In  Dr.  Brown's  article  on  the  structure  of  Solenopora  there 
is  a  slight  error  in  the  horizon  given  for  the  Yorkshire  specimens 
which  should  be  corrected,  especially  as  the  rock  in  question  was 
for  some  time  considered  to  be  the  equivalent  of  the  Great  Oolite. 
The  Malton  specimens  are  obtained  from  the  Corallian,  and  they 
are  also  very  abundant  throughout  the  Ayton-Brompton  Coral  Rag. 

Geological  Survbt,  C.  Fox  Stkanqwats. 

Lbicesteb. 


MR.    WATTS' S    PAPER    ON    THE    TARDREE    PERLITE. 

Sib, — On  thinking  over  the  subject  of  Mr.  Watts's  interesting 
paper  read  before  the  Geological  Society  on  March  21st  last,  in 
which  he  endeavoured  to  prove  —  by  means  of  very  beautiful 
magnified  sections  of  the  Tardree  trachyte — that  the  perlitio 
structure  is  sometimes  continued  from  the  glassy  magma  into  the 
enclosed  crystals  of  quartz,  it  seems  to  me  that  the  essentially 
distinct  molecular  structure  of  the  two  mineral  substances  was  not 
sufficiently  taken  into  account,  and  that  it  is  only  on  a  recognition 
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of  these  structures  that  an  explanation  of  the  phenomena  can  be 
found.  I  quite  admit  that  some  of  Mr.  Watts's  sections  showed 
that  the  perlitio  shrinkage  fissures  of  the  glass- magma  did  pass  into, 
and  through,  the  quartz-crystals ;  but  it  is  not  to  be  inferred  from 
this  that  the  quartz-crvstals  had  perlitio  structure,  as  I  shall 
endeavour  to  show.  Let  us  consider  for  a  moment  the  process  of 
consolidation  from  the  molten  state.  It  is  clear  that  the  silica 
consolidated  before  the  glass-magma;  and  in  forming  distinct 
crystals  it  obeyed  the  law  of  its  molecular  constitution,  which 
obliges  it  to  take  the  form  of  a  hexagonal  prism  terminated  by  a 
pyramid.  On  the  other  hand  the  amorphous  (or  non -crystalline) 
magma  is  governed  by  an  entirely  dififerent  set  of  molecular  forces 
and  tries  to  form  a  series  of  concentric  globules,  somewhat  as  basalt 
on  cooling  often  forms  globular  masses  with  concentric  envelopes. 
The  globular  is  the  primary  form  of  a  cooling  body.  It  is 
clear  that  the  molecular  constitutions  of  the  quartz-crystal  and 
of  the  non -crystalline  magma  are  essentially  different,  and  this 
distinction  finds  its  result  in  the  diverse  forms  and  structures  of 
the  two.  If  this  be  admitted  it  will  not  be  difficult  to  account  for 
the  apparent  perlitio  fissures  traversing  some  of  the  quartz-crystals, 
as  shown  in  some  of  the  specimens.  Though  these  have  had  priority 
over  the  magma  in  consolidation,  yet  they  we^e  necessarily  highly 
heated  and  somewhat  soft  owing  to  the  liquid  state  of  the  enclosing 
magma;  and  this  being  so,  as  the  perlitio  fissures  were  being 
developed  in  the  latter  they  would  exert  a  pull  upon  the  parts  of 
the  quartz-crystals  in  contact,  the  force  developed  by  contraction  in 
tlie  case  of  each  globule  of  the  magma  tending  to  draw  the  mass 
towards  its  centre.  The  quartz  being  (as  has  been  observed)  in  a 
somewhat  soft  condition  would  be  unable  to  withstand  this  force, 
and  in  such  cases  it  would  give  way ;  and  fissures  would  be 
produced  continuous  with  one  or  more  in  the  enclosing  glass- 
magma;  bnt  this  does  not  prove  that  the  quartz  itself  has  a  perlitio 
structure.  Edward  Hull. 

22nd  March,  1894. 


ON  THE  POSSIBLE  MARINE  ORIGIN  OF  THE  LOESS. 

Sir, — One  of  the  difficulties  that  faced  me  in  my  paper  on  the 
"  Submergence  of  Western  Europe  "  *  was  the  want  of  evidence  to 
prove  distinctly  that  the  land  had  been  under  the  secu  As,  however, 
all  the  physical  evidence  concurred  to  show  that  the  various  forms 
of  the  Kubble-drift  indicated  a  transient  disturbance,  I  concluded 
that  the  submergence  had  been  of  too  short  a  duration  to  allow  of 
the  establishment  of  a  marine  fauna  in  the  area  submerged.  It  was 
therefore  with  much  satisfaction  that  I  found  the  other  day  con- 
firmation of  a  very  unexpected  character  in  a  paper  published  in  the 
last  number  of  the  "  Bulletin  de  la  Societe  Beige  de  Geologic."'  In 
treating  of  the  Loess  I  described  a  portion  of  it  as  of  fluviatile  origin, 

*  Phil.  Trans,  for  1893,  p.  903. 

•  Ibid.  March  1894,  p.  118. 
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whilst  I  oonsidered  that  the  high-  and  mid-level  Loess  belonged  to 
the  Rubble-drift,  and  was  therefore  of  marine  origin.  In  the  paper 
I  now  refer  to,  by  M.  Xavier  Stainor,  he  gives  the  analyses  of  some 
of  the  Belgian  Loess,  in  which,  besides  the  ordinary  ingredients,  a 
notable  proportion  of  Chloride  of  Sodium,  in  one  case  as  much  as 
1*17  per  oent,  has  been  found.  This  Loess  contains  the  usual 
commim  land  shells ^Piipa  marginata,  Succinea  oblotnga,  and  Helix 
hispida.  Joseph  Psbstwich. 

Shorbham,  Kbnt. 
Apnl  19  th. 


WILLIAM    PENGELLY,    F.R.S.,    F.Q.S. 

BoBN  12th  Jakuabt,  1812.  Dibd  17th  Makch,  1894. 

There  has  just  been  gathered  to  his  rest,  in  his  83 rd  year,  one  of 
that  small  band  of  Geologists  who  assisted  Falconer,  Busk,  Lyell, 
Prestwioh,  Lartet,  Christy,  Evans,  Rupert  Jones,  Boyd  Dawkins, 
and  a  few  others,  to  place  upon  a  scientific  basis  that  inquiry 
into  the  evidence  of  Pre-historic  man  which  was  systematically 
commenced  in  this  country  by  the  exploration  of  Brixham  Gave  in 
1858.  This  work,  which  was  carried  out  under  the  auspices  of 
the  Royal  and  Geological  Societies  by  Mr.  William  Pengelly,  of 
Torquay,  yielded  most  important  results,  and  was  followed,  in  1864, 
by  a  similar  investigation  of  the  historic  Kent's  Cavern,  Torquay 
(originally  partially  explored  by  the  Rev.  J.  McEnery  in  1825), 
and,  like  the  Brixham  Cave,  carried  out  with  untiring  zeal  by  Mr. 
Pengelly  for  a  period  of  more  than  fifteen  years  (see  British  Asso- 
ciation Reports  1865-1880). 

William  Pengellt  was  born  at  East  Looe  in  Cornwall^  January 
12th,  1812.  Coming  to  Torquay  as  a  young  man,  he  opened  a  school, 
which  he  carried  on  for  some  years  on  the  Pestalozzian  system,  and 
was  one  of  the  first  to  introduce  the  use  of  the  chalk  and  black-board 
in  imparting  instruction.^ 

The  author  of  numerous  treatises  on  the  Devonian  and  Triassic 
Rocks  of  Devonshire,  on  St.  Michael's  Mount  in  Cornwall,  and 
many  other  geological  subjects,  Mr.  Pengelly,  in  conjunction  with 
Dr.  Heer,  of  Zurich,  published  a  monograph  on  "  The  Lignites  of 
Bovey  Tracey,"  which  is  regarded  as  a  most  valuable  scientific  work. 
His  assiduity  in  the  collection  and  arrangement  of  specimens  is 
testified  by  the  magnificent  series  of  Devonian  fossils  which,  under 
the  title  of  the  Pengelly  Collection,  was  lodged  in  the  Museum 
of  Oxford  University  by  the  Baroness  Burdett-Coutts  in  connection 
with  the  Burdett-Coutts  Scholarship,  and  also  by  the  splendid 
collections  of  bones  and  flint-implements  from  Kent*s  Cavern, 
which  he  has  placed  in  the  British  Museum   and  in  the  Museum 

^  Amongst  his  private  pupils  in  Mathematics  was  Miss  (afterwards  the  Baroness) 
Burdett-Coutts,  who,  through  life,  remained  his  staunch  Iriend. 
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of  the  Torquay  Natural  History  Society,  Ever  eager  to  foster 
a  love  for  science  among  the  people,  and  to  encourage  studies 
which  had  for  their  object  the  advancement  of  scientific  knowledge, 
Mr.  Pengelly  was  especially  active  as  a  lecturer,  and  could  easily 
make  himself  understood  by  persons  totally  ignoi'ant  of  science. 
Twenty  years  ago  he  travelled  through  the  country  as  one  of 
the  most  acceptable  lecturers  of  the  day.  His  efforts  locally  were 
equally  successful.  He  was  instrumental  in  1837  in  establishing 
the  Torquay  Mechanics'  Institute,  and  seven  years  later,  together 
with  the  late  Mr.  Vivian  and  others,  he  originated  the  Torquay 
Natural  History  Society,  of  which  he  was  the  Honorary  Secretary 
for  many  years,  and  is  the  last  of  the  original  founders.  In  1867  he 
started  the  Devonshire  Association  for  the  Advancement  of  Science, 
Literature,  and  Art,  of  which  he  was  the  President  in  18G7-8. 
From  their  inception  he  took  a  prominent  part  in  these  institutions, 
and  his  eminent  services  in  many  capacities  have  been  recognized 
on  several  occasions  by  the  members.  Undoubtedly  Mr.  Pengelly 
was  an  enthusiast  As  he  said  in  his  Manchester  lecture  in  1872, 
"  the  pleasure  of  the  work  is  the  payment,"  but  his  valuable  and 
historic  labours  have  not  been  unrecognized.  A  regular  attendant 
at  the  annual  meetings  of  the  British  Association,  over  the 
Geological  Section  of  which  he  was  President,  and  which  for 
many  years  he  served  as  Secretary.  He  was  elected  F.G.S.  in  1850, 
and  received  the  distinction  of  F.R.S.  in  1863.  In  1874  he  was 
the  recipient  of  a  testimonial  of  between  500  and  600  guineas 
"  in  reoognition  of  his  long  and  valued  services  to  science  generally, 
and  more  especially  for  the  exploration  of  Kent's  Cavern,  Torquay." 

In  1877  Mr.  Pengelly  was  awarded  the  **  Lyell  Geological  Fund  " 
by  the  Council  of  the  Geological  Society,  and  in  1886  the  same 
body  conferred  upon  him  the  ''  Lyell  Medal "  as  a  mark  of  honorary 
distinction,  and  as  an  expression  of  the  Council's  recognition  of  his 
valuable  scientific  labours. 

Mr.  Pengelly  was  presented  with  his  portrait,  painted  by  A.  S. 
Cope,  which  now  adorns  the  library  of  the  Natural  History  Society's 
Museum  in  Babbacombe-road,  Torquay.  On  retiring  from  the 
Secretaryship  of  the  Society  in  1890  he  received  an  address  from 
the  members,  who  "  desire  to  record  the  high  appreciation  of  the 
invaluable  services  rendered  to  the  Society  by  Mr.  Pengelly,  who 
for  thirty-nine  years  has  fulfilled  the  onerous  duties  of  Honorary 
Secretary,"  at  the  same  time  expressing  "  profound  regret  at  his 
retirement."  Altogether  the  time  spent  in  the  exploration  of  Kent's 
Cavern  was  over  fifteen  years— from  28th  March,  1865,  to  19th 
June,  1880 — the  cost  being  met  by  the  British  Association  and 
various  scientific  friends.  Mr.  Pengelly  wrote  no  less  than  ninety - 
two  separate  memoirs.  He  was  a  member  of  the  Society  of  Friends, 
but  it  is  as  a  scientific  man  that  Mr.  Pengelly  will  be  best  known 
and  remembered.  Mr.  Pengelly  was  twice  married,  but  all  his 
children  by  his  first  wife  died;  the  last,  Alfred  Pengelly,  being 
killed  in  India  whilst  hunting  big  game.  He  leaves  a  widow  aud 
two  daughters,  who  share  their  father's  scientific  tastes. 


ill 
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JOSEPH    BICKERTON    MORGAN,    F.G.S. 

BoRX  1859.  DisD  Masch  8th,  1894. 

0^  the  8tli  of  Maroh  there  passed  away  at  Ventnor  a  life  fall  of 
promise  for  work  among  the  Ordovician  and  Silurian  rocks.  Bom 
in  1859,  Mr.  Morgan  was  always  an  earnest  student  of  nature,  and 
one  of  his  earliest  tasks,  when  associated  with  the  late  Morris 
Charles  Jones  as  Assistant  Honorary  Curator  of  the  Powyslaud 
Museum  at  Welshpool,  was  to  classify  and  arrange  the  large 
collection  of  recent  shells  given  to  the  Museum  hy  the  Rev.  J.  Vize. 
He  next  turned  his  attention  to  the  fossils  in  the  Museum,  rearranged 
them,  and  then  added  very  largely  to  them  from  his  own  extensive 
collections,  especially  from  the  Silurian  and  Ordovician  rocks  in  the 
immediate  neighbourhood. 

In  1885  a  paper,  published  by  Mr.  Vine  in  the  Quarterly  Journal 
of  the  Geological  Society,  contained  a  description  of  a  new  species 
of  PhyUoporaf  P,  tumida,  from  the  Caradoc  rooks  of  Llanfyllin,  and 
of  Thamniscus  antiquvSf  from  the  Bala  volcanic  ash  of  Middletown  Hill, 
both  collected  by  Mr.  Morgan.  Previously  to  this  Mr.  Morgan 
had  been  studying  the  Upper  Ordovician  and  Silurian  rocks  of 
Powysland  and  the  Welsh  border,  and  had  obtained  a  large  series 
of  fossils  from  beds  above  and  below  the  boundary  line  of  these 
formations,  which  he  submitted  to  Professor  Lapworth  for  identifi- 
cation. By  the  advice  of  the  latter  he  began  to  map  these  strata, 
and  succeeded  in  defining  the  lower  limit  of  the  Silurians  with 
much  greater  exactitude  than  had  been  hitherto  done,  with  the 
result  of  adding  several  hundreds  of  feet  of  rock  to  the  Silurian 
system.  A  forecast  of  his  conclusions  on  the  subject  was  published 
as  a  paper  to  the  British  Association  at  Leeds  in  1890,  but  the  fall 
paper  has  not  yet  been  published.  It  is  to  be  hoped  that  sufficient 
material  may  be  found  amongst  his  papers  to  allow  of  its  publication 
in  full. 

In  1892  Mr.  Morgan  resolved  to  devote  himself  to  scientific  work, 
and,  obtaining  a  free  scholarship  at  the  Boyal  College  of  Science,  he 
came  to  London,  and  in  a  single  year  succeeded  so  well  as  to 
obtain  the  first  prize  at  the  College,  together  with  the  Murchison 
medal  and  gift  of  instruments  and  books.  It  was  on  the  last  day 
of  his  duties  as  demonstrator  during  the  summer  vacation  that  he 
took  a  chill,  from  which  serious  trouble  ensued,  compelling  him  to 
abandon  work  and  winter  at  Ventnor.  Here  he  seemed  to  rally,  and 
just  as  his  friends  were  beginning  to  hope  that  he  might  soon  be 
well  enough  to  resume  his  work,  he  succumbed  to  an  attack  of 
haemorrhage,  in  the  35th  year  of  his  age.  In  addition  to  the  work 
mentioned  above,  some  new  species  of  Entomostraca  were  dis- 
covered by  him,  while  he  contributed  several  papers,  including  one 
on  Shorthorn  Cattle,  and  one  "on  the  Strata  forming  the  base  of 
the  Silurian  in  north-east  Montgomeryshire,"  to  the  Montgomery 
Collections,  and  delivered  lectures  at  the  Welshpool  School  of  Art. 

Thus  a  country  geologically  almost  unknown  has  lost  an  earnest, 
reliable,  and  enthusiastic  worker,  one  who  could  very  ill  be  spared ; 
while  many  of  us  have  to  mourn  a  kind  and  true-hearted  friend. 


,^^^&^%mvviMis^ 
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I. — WOODWABDIAN   MuSEUM  NOTES. 

By  F.  R.  CowPBR  Reed,  B.A.,  F.G.S. 

(PLATE  VII.) 

THE  Bub-genns  Chasmops  of  the  genus  Phacops  is  so  rarely,  if 
ever,  found  in  great  Britain,  except  as  disconnected  heads  and 
pygidia,  that  a  specimen  which  shows  the  cephalic  shield  attached  to 
several  thoracic  rings  deserves  notice. 

The  two  British  species  recognised  by  Salter  (omitting  the  doubt- 
ful Ch.  Jukesii)  are  Ch.  macroura  (Sjogren)  and  Ch,  conophthalmua 
(Boeck  ?),*  but  he  apparently  perceived  that  more  than  two  species 
were  included  under  these  names  (Mon.  Brit.  Tril.  p.  38).  The 
material  in  Britain  available  at  that  time,  however,  was  not  well 
enough  preserved,  and  the  investigation  of  the  Continental  forms 
of  this  characteristically  North- European  group  was  not  suflSoiently 
advanced  to  admit  of  a  more  complete  discrimination.  But  now  Fr. 
Schmidt's  work  on  the  Silurian  trilobites  of  the  East  Baltic  provinces 
(Mem.  TAcad.  Imp.  d.  Sc.  d.  St.  Petersb.  vii.  ser.  T.  xxx.  No.  1)  has 
supplied  a  long-felt  want,  and  we  can  only  regret  that  the  British 
specimens  of  Chasmops  generally  occur  in  such  an  unsatisfactory  and 
fragmentary  condition  as  to  preclude  their  indentification  or  com- 
parison with  those  he  has  so  fully  described.  The  material  with 
which  he  has  had  to  deal  is  in  a  comparatively  excellent  state  of 
preservation,  and  it  is  gratifying  to  find  an  English  specimen  which 
does  not  unfavourably  compare  with  some  of  his.  Such  is  the  case 
with  the  one  now  described.  It  was  discovered  by  Mr.  F.  Marr  in 
the  Coniston  Limestone  of  Applethwaite  Common  near  Windermere. 

The  head  and  7-8  thoracic  rings  are  preserved,  but  they  have 
suffered  considerable  lateral  cotnpression,  producing  irregular  cracks 
and  corrugations  of  the  surface  together  with  some  distortion. 
For  instance,  the  parabolic  shape  of  the  cephalic  shield  is  mis- 
leading, for  probably  it  was  originally  semicircular  and  the 
proportion  of  the  length  to  the  breadth  about  1  : 2.  In  the  thorax 
the  axis  has  been  squeezed  into  greater  prominence,  and  on  the 
pleuraB  antero-posterior  wrinkles  have  been  developed.  The  actual 
measurements  of  the  specimen  in  its  present  state  are  as  follows : — 

^  According  to  Fr.  Schmidt,  Salter's  species  are  not  those  of  Sjogren  and  Boeck. 
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Liength  of  head 1*35   inch 

Length  of  glabella  from  neck-furrow  to  anterior  end     1*1 

Width  Of  broadest  part  of  glabella,  i.e.  across  frontal  lobe 1*1 

Width  of  base  of  glabella 0*3*5 

length  of  the  Ist  or  **  cat's  ear  **  lobe,  measured  along  its  outer  side  ...  0*575 
Width  of  right  cheek  measured  along  the  neck-furrow  from  the  axial 

furrow  to  the  outer  margin        0*9 

Xj^UicXII  Ol   Gj  o        •••       •••       •••       •••       •••       •••       •••       •«•       •••       •••       •••       ••■  vOflV 

*«  lUwtl  Ol    cVw  •••       •••        •••       •••        •••       •••       •••       •••       •••       •••        •••       •••  vXfv 

Length  of  channel  round  eye    0*5 

vv iQin  01  Qibvo    •«•     •••     •••     ••■     ...     •«•     •••     •••     •••     ■••     •••     .*•  \3' ao 

Width  (a?erage)  of  thoracic  axis      05 

Length  (a?erage)  of  pleura       0*8 

Width  (a?eragej  of  ditto 0*2 


>» 
»» 


The  accompanying  description  refers  to  the  crushed  and  distorted 
specimen  figured.  (A  summary  of  the  chief  characters  of  the  form 
with  the  proportions,  which  it  must  have  possessed  prior  to  the 
distortion,  is  given  subsequently.) 

The  outline  of  the  head  is  parabolic ;  the  anterior  end  appears  to 
be  obtusely  pointed  in  front  of  the  glabella.  The  glabella  is  much 
dilated  in  front,  and  the  sides  converge  at  an  angle  of  about  40°, 
but  before  distortion  this  angle  must  have  been  about  60^,  and  the 
outline  of  the  head  must  have  been  semicircular. 

The  frontal  and  first  lobes  of  the  glabella  are  well  marked  o£f  by 
deep  furrows.  The  frontal  or  forehead  lobe  is  transverse,  the  width 
\\  times  the  length,  but  originally  it  must  have  been  about  twice  as 
wide  as  long ;  the  anterior  border  is  a  gentle  convex-forward  curve ; 
the  lateral  angles  of  this  lobe  are  rounded-truncate,  and  overhang 
the  eyes  completely,  projecting  beyond  the  straight  outer  side  of  the 
"  cat's  ear  "  lobes. 

A  Vishnu -like  mark  formed  by  two  converging  rows  of  large 
puncta,  which  may  represent  the  position  of  frontal  glands,  extends 
two-thirds  down  the  lobe  from  the  anterior  border. 

The  triangular  "cat's  ear"  or  first  side  lobes  extend  fully  two- 
thirds  of  the  side  of  the  glabella,  reaching  nearly  from  the  neck- 
furrow  to  a  point  in  front  of  the  eye  ;  each  of  these  lobes  stretches 
nearly  one-third  of  the  wa}'  across  the  glabella.  The  largest  angle 
of  each  is  about  110°  and  point-s  inwards,  but  before  distortion  must 
have  approached  a  right  angle.  The  anterior  bounding  furrow  is 
rather  sinuous,  but  the  posterior  one  is  straight. 

Ill  the  triangular  portion  of  the  glabella  left  between  these  large 
embracing  lobes,  the  second  or  middle  lobes  are  represented  by 
small,  very  faintly  indicated,  subcircular  elevations,  more  clearly 
defined  in  front  than  behind,  and  only  perceptible  in  the  impression. 
The  basal  or  third  lobes  are  larger  and  transverse,  but  are  poorly 
defined,  and  together  with  the  middle  ones  are  completely  embraced 
laterally  by  the  large  first  lobes.  (This  feature  also  is  shown  better 
in  the  impression  than  in  the  cast.) 

The  glabella  as  a  whole  is  not  particularly  inflated,  and,  in  fact, 
is  not  80  high  as  the  inner  portions  of  the  cheeks ;  but  this  is 
probably  due  in  the  main  to  the  crushing  to  which  it  has  been 
subjected. 
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The  neck-segmeDt  is  only  about  0*15  inch  broad,  and  is  strongly 
rounded  and  prominent;  it  is  separated  by  a  strong  neok-furrow 
from  the  base  of  the  glabella,  and  this  furrow  is  continued  laterally 
as  a  deep  narrow  groove  limiting  the  cheeks  posteriorly,  but  it 
shallows  and  terminates  before  reaching  the  genal  angles. 

The  cheeks  are  triangular,  not  more  convex  than  the  glabella  but 
higher  along  the  posterior  portion  of  their  inner  border.  They 
terminate  at  the  genal  angles  in  long  flat  spines,  closely  pressed 
against  the  body,  and  grooved  by  a  continuation  of  the  marginal 
furrow.  At  their  fixed  end  they  are  of  considerable  width,  but 
narrow  at  first  rather  rapidly  to  about  the  level  of  the  second  body- 
ring,  beyond  which  the  tapering  is  very  gradual.  The  left  spine  is 
partly  preserved  and  reaches  down  the  whole  seven  and  a  half 
thoracic  rings  on  that  side,  at  which  point  it  is  broken  off. 

The  axial  furrows  are  narrow,  but  deep  and  straight  as  far  forward 
as  the  anterior  end  of  the  first  lobe.  The  cheeks  rise  steeply  from 
them.  At  the  anterior  end  of  this  first  or  "cat's  ear"  lobe  the 
furrow  curves  outwards  and  widens  into  a  broad  groove,  bounding 
the  cheek  anteriorly  and  overhung  by  the  great  frontal  lobe  of  the 
glabella. 

From  the  highest  portion  of  the  cheek  which  is  adjacent  to  the 
axial  furrow  there  is  a  gentle  slope  down  to  the  outer  margin,  where 
a  narrow  rounded  groove — the  marginal  furrow — bounds  it.  Out- 
side this  furrow  is  a  broad,  slightly  convex,  smooth  border,  0*2  inch 
wide;  this  is  prolonged  backwards  into  the  genal  spines,  and 
anteriorly  runs  round  the  front  of  the  head-shield,  where  it  is 
reduced  to  a  quarter  of  its  width  by  the  overhanging  of  the  frontal 
lobe  of  the  glabella. 

The  eyes  are  large  and  lunate,  extending  nearly  f  the  length  of 
the  triangular  first  glabellar  lobes.  A  deep  crescentic  channel 
bounds  them  externally,  sweeping  round  their  base.  The  posterior 
end  of  each  crescent  is  about  half  the  length  of  the  eye  from  the 
axial  furrow,  and  the  anterior  end  is  almost  on  this  furrow. 

The  cheeks  and  glabella  are  finely  granulated  and  covered  with 
email  round  tubercles,  the  largest  of  which  are  situated  on  the 
triangular  lobes  and  the  portion  between  them.  The  smooth,  non- 
tubercular  character  of  the  border  offers  a  striking  contrast. 

The  facial  suture  is  seen  to  curve  round  the  front  of  the  glabella 
and,  apparently,  is  supra-marginal,  but  this  part  of  the  specimen  is 
not  well  preserved.  From  the  rounded  lateral  angles  of  the  great 
frontal  lobe  this  suture  runs  backwards  and  inwards  in  a  nearly 
straight  line  to  the  eye,  at  the  posterior  end  of  which  it  bends  out- 
wards in  a  convex-forward  curve  and  appears  to  lie  in  a  slight 
groove.  It  cuts  the  outer  margin  at  a  point  almost  on  a  level  with 
the  posterior  end  of  the  eye. 

The  axis  of  the  thorax  is  very  convex  and  is  of  nearly  uniform 
width,  which  is  rather  more  than  half  that  of  the  pleuraB.  The  axial 
furrows  are  deep.  The  pleurss  are  flattened  ;  the  fulcrum  is  well 
marked  and  is  situated  at  about  one-third  of  their  length  from  the 
axial  furrow.     Each  pleura  is  horizontal  and  at  right  au^Ua  lo  Wi^ 
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axis  as  far  as  the  fulornm,  but  at  this  point  it  bends  backwards  at  an 
angle  of  from  30^  to  40^  to  its  previous  direction,  and  curves  gently 
downwards  to  its  free  end,  which  is  blunt,  rounded,  somewhat 
flattened  and  expanded.  A  deep  furrow  traverses  each  pleura 
obliquely  from  the  inner  anterior  angle  towards  the  middle  of  the 
free  end,  before  reaching  which,  however,  it  dies  out. 

Where  the  crust  has  been  preserved  a  few  tubercles  and  granules 
are  seen  to  occur  on  the  axis  and  pleursB,  but  they  are  not  so  large 
or  so  numerous  as  on  the  head. 

Summary  of  the  normal  characters  of  this  form  (undistorted). 

Head-shield  semicircular,  with  an  obtuse  point  in  front.  Posterior 
margin  forms  a  concave-backward  curve  to  the  large  spines  at  the 
angles. 

Glabella  much  dilated  in  front,  moderately  inflated;  base  measares 
about  a  quarter  the  width  of  head-shield,  but  only  one-third  the 
greatest  breadth  of  glabella  which  is  across  transverse  frontal  lobe. 
The  sides  converge  posteriorly  at  an  angle  of  about  60^.  Frontal 
lobe  transverse,  twice  as  wide  as  long;  anterior  border  a  gentle 
convex- forward  curve;  lateral  angles  rounded -truncate  overhanging 
the  eyes ;  a  v^^^P®^  series  of  puncta  present  on  anterior  portion 
of  this  lobe.  First  side  lobes  (** cat's  ear"  lobes)  extend  from 
neck-furrow  to  a  point  in  front  of  eyes,  i.e.  for  two-thirds  the  side 
of  the  glabella;  are  triangular;  inner  angle  about  90^;  reach  nearly 
one-third  across  the  glabella;  anterior  bounding  furrow  sinuous; 
posterior  furrow  straight  Second  or  middle  lobes  very  faint, 
Bubcircular ;  third  or  basal  lobes  rather  more  definite  and  wider. 
Both  second  and  third  pairs  of  lobes  completely  embraced  laterally 
by  first  lobes.  Axial  furrows  of  glabella  deep,  narrow,  straight  as 
far  as  anterior  end  of  first  lobe,  then  widen  and  curve  outwards  to 
join  marginal  furrow. 

Neck -segment  rounded ;  neck-furrow  deep,  dies  out  before  reach- 
ing marginal  furrow. 

Cheeks  triangular,  slightly  inflated,  highest  along  inner  border. 

Genal  angles  terminated  by  large  flat  spines,  broad  at  base, 
slightly  grooved,  closely  pressed  against  body-rings,  extending  to 
8th  or  9th  thoracic  segment. 

Marginal  furrow  narrow,  smooth,  and  rounded,  with  smooth,  wide, 
slightly  convex  border  external  to  it  and  forming  edge  of  head- 
shield.  Anterior  portion  of  border  overhung  to  the  extent  of  three- 
fourths  of  its  width  by  frontal  lobe  of  glabella. 

Eyes  large  lunate,  near  inner  margin  of  cheeks;  extend  nearly 
two-thirds  the  length  of  the  first  side  lobe  of  the  glabella;  outer 
side  of  base  of  eyes  surrounded  by  deep  crescentic  channel. 

Cheeks  and  glabella  finely  granulated  and  covered  with  small 
round  tubercles,  especially  conspicuous  on  posterior  part  of  glabella. 

Facial  suture  supra-marginal ;  below  eye  it  makes  a  convex- 
forward  curve  and  ends  on  outer  margin  at  about  the  level  of 
the  posterior  end  of  the  eye. 
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Thoraoio  axis  about  one-fifth  the  width  of  thorax;  of  uniform 
width ;  axial  furrows  deep. 

Pleuraa  flattened,  with  deep  oblique  furrows ;  fulcrum  oonspicuous, 
situated  at  i  length  of  pleura  from  axial  furrow. 

Pleura  horizontal  and  at  right  angles  to  axis  as  far  as  fulcrum ; 
then  bend  back  at  30^ — 40°  to  previous  direction  and  curve  slightly 
downwards. 

Extremities  of  plenrsd  blunt,  rounded,  flattened. 

Crust  of  thorax  slightly  granular  with  few  tubercles. 

The  form  above  described  does  not  exactly  agree  with  Salter's 
Ch,  macroura  (Mon.  Brit.  Tril.  p.  37),  but  resembles  it  in  the 
general  shape  and  tubercular  character  of  the  head,  in  the  cheek 
spines,  and  the  course  of  the  facial  suture;  but  the  lobes  of  the 
head,  the  size  of  the  eye,  and  the  cephalic  border  show  important 
differences. 

With  Ch.  conophthalmus,  as  described  by  Salter  (loc,  ciL  p.  40), 
it  has  the  transversely  overhanging  frontal  lobe  in  common ;  but 
there  are  considerable  points  of  dissimilarity  in  the  length  of  the 
genal  spines,  the  tuberculate  condition  of  the  head,  the  size  of 
the  eyes,  the  presence  of  the  middle  and  basal  lobes  of  the  glabella, 
and  the  non-continuity  of  the  neck-furrow  with  the  marginal  furrow. 

The  absence  of  any  description  by  Salter  of  the  thoracic  rings  of 
these  species,  and  the  fact  that  the  tail  of  our  specimen  is  wanting, 
prevent  us  making  a  more  complete  comparison ;  but  so  far  as  the 
comparison  goes  we  see  that  our  form  cannot  be  said  to  agree  with 
either  of  Salter's  species.  On  turning  to  Schmidt's  Memoir  on  the 
Silurian  Trilobites  of  the  East  Baltic  provinces  we  find  there  are 
three  species  with  which  it  has  several  features  in  common.  In  the 
first  place  a  comparison  may  be  made  with  Fhncops  (s.g.  Chasmops) 
Eichioaldi  (Schmidt)  {loc,  ciL  p.  117).  The  figures  of  this  form 
given  by  Schmidt  (taf.  v.  f.  8  a.  h,  c.  9)  do  not  bear  much  resem- 
blance to  our  Coniston  Limestone  specimen,  but  in  the  description  of 
the  species  the  characters,  shape,  and  size  of  the  frontal  lobe  of  the 
glabella  are  similar,  as  are  also  the  shape  of  the  first  side  lobe  (in 
8126  it  seems  rather  shorter),  the  cheek  margin,  and  the  length, 
shape,  and  position  of  the  genal  spines.  But  there  are  considerable 
difierences  in  the  parabolic  shape  of  the  head-shield  (which  in  our 
specimen  is  only  due  to  crushing  as  has  been  pointed  out),  the  finely 
granular,  non-tuberculate  or  smooth  surface,  the  total  absence  of  the 
second  side  lobe,  the  more  marked  character  of  the  third  side  lobe, 
the  smallness  of  the  eyes,  the  swelling  out  and  subsequent  tapering 
of  the  thoracic  axis,  and  the  scarcely  perceptible  fulcrum  of  the 
pleurce. 

Schmidt  thinks  that  his  Fh.  Eichwaldi  is  very  similar  to  or  even 
identical  with  Salter's  Ph.  ( Ch.)  macroura. 

Another  species — Ph.  maxima  (Schmidt)  (loc.  cit.  p.  112) — agrees 
in  the  shape  of  the  head-shield,  the  character  of  the  genal  spines, 
and  the  size,  shape,  and  extent  of  the  first  side  lobe ;  but  it  differs 
by  having  only  fine  granulations  and  no  tubercles,  by  the  marginal 
furrow  uniting  with  the  neck-furrow,  by  the  second  and  third  side 
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lobes  being  mucb  more  oonspiouoos,  and  by  the  greater  breadth 
of  the  frontal  lobe. 

The  third  epeoies  deserring  oomparison  is  Ph.  Wesenbergensts 
(Schmidt)  {loe,  eit  p.  llo).  This  bears  the  closest  resemblanoe  to 
our  form.  The  shape  of  the  head,  the  genal  spines,  the  granular  and 
tubercular  surface  of  the  glabella,  the  border  to  the  head-shield,  and 
the  second  and  third  side  lobes  of  the  glabella  are  all  very  similar. 
The  first  lobe  is  usually  smaller,  but  Schmidt  states  that  its  form 
varies  considerably.  The  most  important  points  of  difference  are 
the  smaller  size  of  the  eyes,  the  non-tuberculate  character  of  the 
cheeks,  and  the  absence  of  a  conspicuous  fulcrum  to  the  pleurae. 

On  the  whole  it  seems,  therefore,  justifiable  to  consider  our 
Coniston  Limestone  form  specifically  distinct  from  any  hitherto 
described  ;  and  in  honour  of  its  discoverer  it  may  suitably  be 
named  Fh.  Marri. 

EXPLANATION    OF    PLATE   VII. 

Fio.  1.  Xataral  cast  of  Phaeopa  (Chatmopt)  Marri  from  the  Coniston  Limestone, 
Applethwaite  Common,  Windmnere.    Natural  size. 

Fig.  2.  Impression  of  ditto. 

Fio.  3.  Side  view  of  figure  1,  showing:  genal  spine. 

Fiu.  4.  Diwlymene  Hugheaia  (Uoberts  MS.),  Coniston  Limestone  Series,  Norb«r 
Brow. 

Fio.  5.  Impression  of  ditto. 

N.B. — By  mistake  the  figure  of  the  type  specimen  on  which  the 
reHtomtion  of  Dindymene  Hiujhesia  was  founded  (Grol  Mao.  Dec. 
IV.  Vol.  L  No.  III.  PI.  IV.  Fig.  5)  was  omitted  from  the  plate 
which  accompanied  the  description  in  the  March  Number.  It  is, 
therefore,  here  inserted. 


II. — Note  on  Some  Appendages  of  the  Trilobitbs.^ 

By  Chab.  D.  Walcott,  F.G.S. 
Paltcontologist  to  the  United  States  Geological  Survey ;   Smithsonian  Institution, 

Washinjrton,  D.C.,  U.S.A.* 

(PLATE  VIII.) 

I'^HE  results  of  Mr.  W.  S.  Valiant's  long  search  for  the  appendages 
of  Trilobites  have  recently  been  made  known  by  Mr.  W.  B. 
Matthew,  who  described  the  material  sold  to  the  Columbia  College 
of  New  York  by  Mr.  Valiant.*  Mr.  Valiant  informs  me  that  he 
discovered  traces  of  what  he  considered  to  be  antennae,  and  that  for 
several  years  he  continued  collecting  until  he  found  a  locality  where 
the  specimens  were  well  preserved  and  showed,  not  only  the  antenna*, 
but  legs  and  what  he  supposed  to  be  the  swimming  appendages. 
Not  having  confidence  that  he  could  properly  describe  the  specimens 
he  sold  part  of  his  material,  and  in  this  way  it  came  to  be  first 
described  by  Mr.  Matthew,  a  student  at  Columbia  College.  Eh 
step-brother,  Mr.  Mitchell,  continued  to  collect;  and  in  August, 
1893,  through  the  courtesy  of  Mr.  Valiant,   I  visited  the  locality 

»  Read  before  the  Biological  Society  of  Washington,  March  24,  1894. 
'  Amer.  Joum.  ScL  189S,  toI.  zlvi.  p.  121. 
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with  Mr.  Mitchell  and  obtained  a  few  specimens  for  the  National 
Government. 

The  most  important  part  of  the  discovery,  announced  by  Mr. 
Matthew's  paper,  is  that  the  Trilobita  have  true  antennae.  The  dis- 
covery of  the  legs  and  plumose  appendages  is  also  of  great  interest, 
as  it  adds  to  our  information  respecting  the  appendages  of  the 
Trilobite  some  of  the  details  of  another  genus. 

A  collection  was  made  for  the  Yale  College  Museum  by  Dr.  C.  E. 
Beecher,  and  in  some  notes  on  the  thoracic  legs  of  Triarihru9  *  he 
describes  and  illustrates  a  dorsal  view  of  the  legs  of  the  second  and 
third  free  thoracic  segments.  These  show  that  the  endopodite  of 
the  leg  is  essentially  the  same  as  in  Calymene  and  Aaaphua,  and 
that  the  exopodite  is  unlike  that  of  Calymene  or  Ceraurus, 

Through  the  courtesy  of  Prof.  J.  F.  Kemp,  of  Columbia  College, 
I  have  examined  the  material  studied  by  Mr.  Matthew ;  and  Prof. 
A.  H.  Chester,  of  Kutgers  College,  kindly  loaned  me  for  study  five 
specimens  that  he  purchased  from  Mr.  Valiant.  From  these  and 
the  specimens  in  the  National  Museum  a  few  notes  have  been 
taken  that  permit  of  some  comparisons  with  the  extremities  found 
in  CerauruSy  Calymene  and  Aaaphus,^  The  limbs  of  Triarthrua 
differ  in  the  details  of  the  joints  of  the  inner  branch  of  the  limb 
(endopodite)  and  still  more  in  the  character  of  the  exopodite. 

Cephalic  limbs, — The  antennas  are  uniramose,  and,  judging  from 
the  position  in  which  they  are  found,  were  attached  to  the  body  near 
the  postero-lateral  angle  of  the  hypostoma  (Fig.  1,  e,  PL  VIIL). 
In  one  specimen  a  cephalic  limb  somewhat  detached  from  its  true 
position  shows  a  large  basal  joint  and  six  slender  joints  (Fig.  1,  /). 
I'he  basal  joint  does  not  show  conclusive  evidence  of  the  presence 
of  a  masticatory  ridge.  On  another  specimen,  however,  the  form  of 
the  ba8al  joint  strongly  suggests-  that  it  subserves  the  purpose  of 
mastication.     This  is  illustrated  at  g  in  Fig.  1. 

A  slender  jointed  appendage  like  that  attached  to  the  basal  joint 
of  g,  occurs  between  it  and  the  antenna,  and  is  probably  a  portion  of 
another  one  of  the  cephalic  limbs.  No  other  cephalic  appendages 
have  been  observed  in  the  material  at  hand. 

Since  the  publication  of  my  articles  on  the  Trilobite'  I  found  in 
a  section  of  the  head  of  Calymene  senaria  a  slender  jointed  limb 
that  appears  to  have  been  an  antennule.  It  is  unlike  any  limb  found 
beneath  the  head  and  thorax,  and,  if  not  an  antennule,  it  may  repre- 
sent a  fifth  pair  of  cephalic  limbs.  This  is  also  suggested  by  a 
section  of  the  limbs  within  the  head  of  Calymene  (illustrated  on 
pi.  1,  Gq.  9,  Bull.  Mus.  Comp.  Zool.  1881,  vol.  viii.).  In  this,  a  fifth 
limb  is  indicated  close  to  the  hypostoma.  The  Trilobite  was  enrolled 
80  as  to  include  the  antennule  entirely  within  the  border  of  the  head. 
A  sketch,  taken  from  a  photograph  of  the  thin  section  by  transmitted 
light,  is  shown  by  Fig.  8,  PI.  VllI. 

»  Araer.  Joum.  Sci.  1893,  vol.  xlvi.  pp.  467-470. 

*  The  Trilobite ;  New  and  Old  Evidence  Relating  to  its  Organization.  Bull.  Mus. 
Comp.  Zool.  1881,  vol.  viii.  p.  6. 

'  Bull.  Mus.  Comp.  Zool.  1881,  vol.  viii.  p.  191-224.  Science,  1883,  vol.  iii. 
p.  279. 
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The  bypostoma  of  Ceraurm '  abows  a  ronnded  indentation  of  the 
antero-lateral  sides,  where  an  antennule  probably  passed  by  it 
This  character  is  strongly  marked  in  Sao  hirsuta,  ProetuB  hohemiau, 
Amphion  fischerif  etc.,  as  illustrated  by  Barrande. 

The  character  and  position  of  the  remaining  cephalic  limbs  of 
Triarthrus  are  not  shown  in  any  specimens  that  I  have  examined ; 
but,  from  the  relations  of  Calymene,  Ceraurus  and  Triarthrus, 
especially  the  two  latter,  it  is  probable  that  their  arrangement  is 
essentially  the  same. 

Thoracic  limbs, — Many  specimens  show  the  thoracic  limbs  extend- 
ing out  from  beneath  the  carapace  of  Triarthrtu.  It  was  not  until 
by  a  fortunate  dissection  that  I  obtained  the  material  illustrating 
the  limbs  in  position  beneath  the  thorax.  The  anterior  limbs  are 
formed  of  a  protopodite  and  a  somewhat  complex  exopodite.  The 
protopodite  consists  of  a  short  basal  and  a  long  joint  (Fig.  2,  d,  e), 
to  which  the  endopodite  and  exopodite  are  attached.  This  appears 
to  be  direct  in  the  posterior  limbs  of  the  thorax  (Fig.  3,  a),  but  as 
yet  the  point  of  attachment  of  the  basal  joint  of  the  exopodite  has 
not  been  seen  in  the  anterior  limbs. 

The  endopodites  of  the  anterior  thoracic  limbs  vary  in  the 
number  of  joints  and  in  their  relative  length  (Fig.  1,  a,  a).  Two 
show  four  long  proximal  and  three  shorter  distal  joints.  Other 
limbs  show  two  smaller  distal,  and  three  or  four  proximal,  while  in 
several  there  is  a  more  or  less  uniform  gradation  from  the  protopodite 
to  the  distal  joint.  In  Fig.  1,  some  of  these  variations  are  indicated. 
In  Fig.  2,  eleven  limbs  are  shown,  as  seen  from  the  under  side. 
The  basal  (coxal)  joint  is  seen  at  h,  df,  e,  and  nine  show  the  long 
second  joint  of  the  protopodite.  At  e  and  /  a  new  phase  is  indicated 
by  the  enlargement  of  the  proximal  joints.  This  is  marked  in 
o,  6,  c,  d,  and  in  Fig.  3  the  details  are  more  fully  shown.  These 
joints  occur  on  the  seven  posterior  thoracic  limbs  of  Fig.  2  ;  and  in 
the  specimen  from  which  Fig.  3  was  drawn  the  limb  opposite  the 
the  tenth  segment  from  the  pygidium  shows  a  slightly  triangular 
second  (meropodite)  and  third  (carpopodite)  joint.  In  Fig.  2,  the 
limb  a  is  opposite  the  second  free  segment  of  the  thorax  anterior 
to  the  pygidium.  The  limbs  a  and  6,  Fig.  3,  clearly  show  that  the 
four  proximal  joints  are  broad  and  subtriangular  in  outline.  A 
glance  at  the  abdominal  swimming  legs  of  the  Phyllocarida  (Parane- 
&a/ta),  Schizopoda  and  Cumacea,  suggests  that  the  functions  of  these 
legs  were  both  natatory  and  ambulatory. 

The  expododite  illustrated  by  Beeoher  shows  the  dorsal  surface 
(Fig.  6).  A  number,  presenting  the  ventral  surface,  are  shown  on 
the  right  side  of  Fig.  2.  They  occur  on  the  same  specimen  as  the 
endopodites,  on  the  left  side,  but  have  been  pushed  out  of  place. 
The  most  perfect  is  represented  by  m.  The  proximal  portion  is 
formed  of  a  rather  large  basal  joint  and  a  number  of  short  joints, 
seven  or  eight.  The  distal  end  is  formed  of  an  inner  and  outer 
segmented  portion.  The  inner  side  is  divided  into  numerous  seg- 
ments by  oblique  divisions  that  give  the  impression  of  a  closely 

«^  Zoe,  eit,  pi.  It.  fig.  5. 
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coiled  spiral.  The  oater  side  is  a  cylindrioal,  jointed,  stem-like  rim 
that  is  attached  to  the  inner  side,  a  narrow  distinctly  impressed  line 
separating  the  two,  except  at  the  somewhat  flattened  tip  where  they 
merge  into  each  other.  On  the, outer  or  upper  surface  of  the  outer 
side  numerous  orenulations  occur  that  extend  into  long  setsd,  n, 
Fig.  2 ;  h,  h^  Fig.  1.  Dr.  Beecher  considers  the  expedite  as  a 
swimming  organ ;  but  from  the  manifest  branchial  character  of 
the  exopodite  and  attached  epipodite  in  Calymene  (Fig.  7),  it  seems 
probable  that  this  exopodite  of  Triarthrua  served  largely  as  a  gill, 
and  that  the  animal  used  the  broad  proximal  joints  of  the  posterior 
limbs  of  the  thorax  as  its  principal  propulsion  in  swimming.  The 
exopodite  of  Triarthrua  looks  like  a  consolidated  exopodite  and 
epipodite,  very  much  as  though  these  two  organs,  as  they  occur  in 
Calymene,  were  merged  into  one. 

Several  specimens  illustrate  appendages  beneath  the  pygidiiim. 
Some  have  the  broad  proximal  joints,  d,  Fig.  1,  while  others  show 
the  outer  rim  of  the  exopodite,  c,  Fig.  1.  The  material  I  have 
seen  indicates  very  little  difference  between  the  appendages  of  the 
posterior  half  of  the  thorax  and  the  pygidium,  except  that  those 
of  the  latter  are  less  developed  in  size  and  details. 

Mr.  Matthew  suspected  the  presence  of  a  flap,  formed  by  the 
anohylosing  of  the  appendages  beneath  the  pygidium.  From  the 
appearance  of  a  similar  structure,  where  the  limbs  are  matted 
together  along  the  side  of  the  thorax,  this  tentative  view  is 
received  with  doubt.  More  perfect  material  may  show  distinctions 
not  recognizable  at  present. 

If  future  investigations  prove,  as  it  now  seems  probable,  that 
the  modified  swimming  joints  of  the  endopodite  are  attached  to 
ten  or  more  of  the  thoracic  segments,  the  anterior  eight  segments 
can  be  grouped  together  as  the  typical  thorax,  and  the  remaining 
segments  of  the  body  as  the  abdomen. 

Mr.  Matthew  suggests  that  the  homology  between  Triarthrua  and 
Limulua  may  not  be  as  close  as  between  Ltmultiaf  Calymene  and 
Ceraurua,  This  is  true  from  what  we  now  know  of  Triarthrua,  but, 
if  a  sixth  pair  of  cephalic  limbs  should  be  discovered  in  Triarthrua 
the  resemblance  would  be  strengthened.  Triarthrua  does  not  differ 
from  Ceraurua  and  Calymene  more  than  would  be  anticipated  in  such 
unlike  genera.  Triarthrua  is  essentially  a  **  Primordial "  type  that 
has  continued  until  Upper  Ordovician  time.  It  represents  a  large 
group  of  Cambrian  Trilobites,  whilst  CaJymene  and  Aaaphna  repre- 
sent the  more  highly  developed  Ordovician  and  Silurian  forms. 

Dr.  Lang  held  the  view*  that  if  a  fifth  pair  of  cephalic  limbs  were 

found,  comparable  to  the  anterior  antennae  "Trilobites  might  then 

be  regarded  as  original  Entomostraca,  to  be  derived  from  the  same 

racial    form   as  the  Phyllopoda."     He  says,  further,'-  "  Xiphosura, 

Hemiaspidad,    and    Gigantostraca    are    themselves    again    perhaps 

racially  connected  with  the  Trilobites.     In  any  case,  however,  in 

the  present  state  of  science,  it  seems  probable  that  all  these  groups 

are  only  connected  at  their  roots  with  the  Crustacea." 

1  Text  Book  of  Comparative  Anatomy,  English  £d.  1891,  p.  415. 
>  Zoe,  eit.  p.  421. 
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From  the  palssontologioal  record  I  am  essentially  in  aooord  with 
this  view,  but  I  am  not  yet  prepared  to  abandon  the  position  taken 
in  1881,  that  all  these  groups  should  be  arranged  under  one  olass 
and  not  as  an  appendage  to  the  Crustacea,  as  proposed  by  Dr.  Lang. 

I  would  go  still  further,  and  form  a  class  of  the  Trilobita  and 
one  of  the  Merostomata. 

Two  general  facts  lead  me  to  think  that  the  modem  Crustacean 
is  descendant  from  the  Phyllopod  branch,  and  the  Trilobita  from  a 
distinct  branch.^  Ist.  The  Trilobite  branch  exhausted  its  initial  vital 
energy  in  Palssozoic  time  and  disappeared.  2nd.  The  Phyllopod 
branch  developed  slowly  until  after  the  Trilobita  passed  its  maximum, 
and  then  began  its  great  differentiation  that  approaches  culmination 
in  recent  times. 

"When  the  Trilobite  and  Phyllopod  diverged  from  their  common 
ancestral  Crustacean  the  Trilobite  began  at  once  to  differentiate 
and  to  use  its  initial  vital  energy  in  developing  new  species,  genera 
and  families.  Probably  two  thousand  species  and  one  hundred  or 
more  genera  are  known  from  the  Palsaozoic  strata.  With  this  great 
differentiation  the  initial  vital  energy  was  impaired,  and  the  Trilobita 
died  out  at  the  close  of  Palaeozoic  time. 

The  Phyllopod  branch  continued  with  little  variation  until  after 
the  Trilobite  passed  its  maximum,  and  then  began  to  differentiate, 
until  to-day  its  descendants  form  the  class  Crustacea,  that  corre- 
sponds to  the  class  Trilobita  in  Paleeozoio  time.  Springing  from 
a  common  Crustacean  base  the  two  groups  have  many  features  in 
common,  and  in  carrying  out  of  details  of  structure  in  the  limbs 
and  gills  many  striking  resemblances  occur.  It  does  not  impress 
me  tliat  Trilobites  were  true  Entomostracans  or  Malacostracaus ; 
they  have  certain  characteristics  in  common,  but  these  are  not 
necessarily  the  result  of  lineal  descent  one  from  the  other  but  are 
the  result  of  descent  from  a  commcm  ancestral  Crustacean  type  of 
pre-Cambrian  time  that  lived  in  the  pelagic  fauna,  in  which  all  the 
earlier  types  of  life  were  probably  developed'^  and  from  which,  as 
time  passed  on,  additions  must  have  been  made  to  the  palasontologio 
record  of  geologic  time.  The  Phyllopoda,  Ostracoda,  and  Trilobita 
are  clearly  differentiated  in  the  Lower  Cambrian  fauna.  Bernard  is 
confident  that  the  Trilobites  may  take  a  firm  place  at  the  root  of 
the  Crustacean  system,  with  the  existing  Apus  as  their  nearest  ally.* 

There  is  much  yet  to  be  learned  from  the  study  of  Triarthrus 
A  great  amount  of  material  can  be  readily  collected  at  the  locality 
near  Rome,  N.Y.  It  is  also  of  interest  to  note  that  the  locality  at 
Trenton  Falls,  N.Y.,  from  which  the  specimens  of  Calymene  and 
Ceraurus  were  obtained,   is  only  seventeen    miles  from   the  Home 

'  This  view  is  only  confirraaton-  of  the  result  of  the  profound  study  of  the 
Apodida)  by  Bernard.    (The  Apodida) ;  Nature  Series,  1892.) 

*  See  Brooks'  beautilul  Memoir  on  Salpa,  with  its  suggestive  theory  of  the 
origin  of  the  bottom  faunas  of  the  ocean  ana  the  early  geologic  faunas.  The  Genus 
Salpa,  Memoirs  from  the  Biological  Laboratory  of  the  Johns  Hopkins  Universitv, 
ii.  1893,  pp.  140-177. 

>  "Nature,"  1893,  vol.  xlviii.  p.  682. 
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locality;  that  both  ooour  within  the  OrdoTician;  and  tb 
Btratigraphio  position  of  the  bed  at  Borne  is  between  six  and 
hundred  feet  above  that  at  Trenton  Falls.* 

EXPLANATION    OF  PLATE  VIII. 

Fio.  1. — IViarthnu  Beeki{xZ).    Outline  of  Carapace,  with  appendages  rep 

as  they  occur  on  several  specimens,  their  relatiye  positio 
retained. 

a,  a,  a,  a.    Endopodites  of  limbs  showing  yariation  in  joints. 
bj  b.     Plumose  portion  of  exopodite. 

Cf  c.     The  outer  or  supporting  portion  of  the  sets  or  fimbrias  of  3, 

d.  Limbs  extending  from  beneath  the  pygidium,  showing  large  \ 

joints.     Those  of  the  left  side  are  imperfectly  preserved. 

e.  Antenna  extending  back  nearly  to  the  postero-lateral  margii 

hypostoma. 
/.     One  of  the  cephalic  limbs.    The  basal  joint  may  be  broken  \ 

the  inner  side. 
g.     Cephalic  limb. 
Fio.  2  (  X  7). — Limbs  attached  to  the  under  surface  of  an  individual  presei 

thoracic  segments  and  the  pygidinm.    The  limbs  (a  to  k)  on 

side  are  mainly  in  place.     A  fracture  cuts  out  one  limb 

g  and  h. 
a  to  g.     Limbs  preserving  traces  of  the  enlarged  proximal  joints. 

b,  d.     limbs  preserving  the  two  joints  of  the  protopodite  and  tw* 

large  proximal  ioints. 
/,  m,  0.     Exopodites,  showing  under  or  side  views. 
n.     Enlargement  of  fimbriae  of  m. 
r,  8.     Distal   ioints  of  endopodites  of  right  side. 
g.     Portion  of  an  exopo<lite  showing  its  inner  support. 
Fio.  3. — Limbs  occurring  on  the  under  aide  of  an  individual  of  14  thoracic  se 
a,  bfCj  d.     Limbs  with  tiattened,  enlarged  proximal,   and  slende 

joints. 

a.     Limb  preserving  large  joints  of  protopodite  (j»),  four  enlarged  i 

joints  and  three  slenaer  distal  joints.     At  x  the  point  of  atti 

of  an  exopodite  is  shown,  and  in  the  specimen  it  looks  as 

/  had  been  broken  away  from  x. 

Fio.  4. — Restoration  of  the  thoracic  limbs  of  the  fifth  segment  anterioi 

pvgidium. 
en.     Endopodite.     p.  protopodite.     a.  four  proximal   swimming 

b.  three  distal  joints. 
ex.     Exopodite,  attached  to  same  joint  of  the  protopodite  as  the  end 
Fig.  5. — Restoration  of  the  thoracic  limbs  of  the  fourth  thoracic  segment  j 

to  the  head. 
en.     Endopodite.     ex.  exopodite. 
Fig.  6. — Diagrammatic  restoration  of  the  second  thoracic  limb  (after  Beech 
Fig.  7. — Restoration  of  thoracic  limb  of  Calymene  aetiaria. 

en.     Endopodite.    ex.  exopodite.    ep.  epipodite.    (Bull.  Mus.  Com 
vol.  viii.  1881.) 
Fig.  8. — Cephalic  limb  of  Calymene  x  3  ;  supposed  antennule. 
Fig.  9. — Cephalic  limb  figuretf  by  Dr.  Henry  Woodward.    (Quart.  Journ.  Ge 

London,  1870,  vol.  xxvi.  p.  487.)     a.  Side  of  hypostoma. 
Fig.  10. — Slender  jointed  legs  associated  in  same  beds  with  Calymene  at  Cii 
Ohio. 

^  The  appendages  of  Triarthitts  are  replaced  by  iron  pyrites,  and  are  usut 
preserved.  The  specimens  of  Calymene  and  Ceraurus  from  the  Trenton  Li 
of  Trenton  Falls,  N.Y.,  were  replaced  by  calcite,  and  in  them  there  were  p 
even  more  delicate  parts  than  I  have  yet  obser\'ed  in  Triartht-us.  Thin  secti( 
made  of  the  latter  and  photographs  obtained  by  transmitted  light,  that  wc 
in  illustrating  the  paper  in  the  Bulletin  of  the  Museum  of  Comparative  2 
vol  viii.  1881. 
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III. — Thk  Babio  Erttftiyk  Rooks  of  Gban  (Norway)  and  thkib 

Intkbpbbtation.    a  Gbitioism. 

By  H.  J.  Johnston ^Latis,  M.D.,  F.G.8.,  etc. ; 
Prof,  (pareg.)  of  Yulcanology  in  the  B.  UniT.  of  Naples. 

BEING  present  at  the  reading  of  the  abstract  of  my  friend  Prof. 
Brogger's  paper  at  the  last  meeting  of  the  British  Association, 
and  having  listened  to  certain  laudations  thereon,  I,  witli  several 
others,  went  away  with  the  profound  conviction  that  our  Scandinavian 
colleague  was  about  to  bring  down  upon  ns  a  mass  of  evidence 
bearing  on  the  differentiation  of  rocks  as  irresistible  and  over- 
whelming as  that  of  his  Viking  ancestors  in  times  gone  by.  Since 
then,  however,  calmly  reading  over  his  admirable  memoir  recently 
published  in  the  Quart.  Journ.  Geol.  Soa,^  what  was  my  astonish- 
ment to  find  that  this  veritable  avalauche  of  facts  brought  forward 
to  support  a  preconceived  hypothesis  is  of  inestimable  value  as 
material  evidence  to  be  used  against  the  theory  of  internal  chemical 
segregation,  as  maintained  by  that  author. 

We  have  described  to  us  several  comparatively  small  eruptive 
plugs  of  varying  shape  the  material  of  which  has  forced  its  way 
through  Silurian  and  Devonian  shales  and  limestones;  and  consider- 
ing their  limited  dimensions  has  produced  intense  and  widespread 
contact  metamorphism  in  the  country  rocks  around  them  by  the 
formation  of  minerals  which  Prof.  Brogger  admits  in  some  cases 
to  have  derived  part  of  their  constituents  from  the  metamorphosing 
magma ;  yet  my  friend  asks  us  to  believe  that  all  the  varieties  of 
composition  in  the  igneous  rocks  are  due  to  chemical  segregation. 
We  are  told  likewise  that  as  we  examine  the  eruptives  trom  north 
to  south,  we  find  them  become  less  and  less  basic,  and  this  is  given 
as  evidence  of  segregation  in  the  magma  taking  place  in  horizontal 
extension ;  yet  nothing  is  said  of  the  variations  in  the  composition 
of  the  country  rock  in  the  same  direction. 

In  the  next  place  the  nuclear  part  of  these  eruptive  stumps  is 
shown  to  be  less  basic  than  the  peripheral.  This  is  just  what  we 
should  expect,  and  corresponds  with  the  arrangement  as  displayed 
in  many  other  dissections  of  ancient  volcanic  districts.  Prof.  Brogger 
would  have  us  believe  that  this  shows  the  segregation  of  a  more 
basic  paste  near  the  cooler  walls  of  the  cavity,  and  the  concentration 
of  the  acid  portion  in  the  central  and  hotter  part  of  the  reservoir. 
Now  these  facts  can  be  interpreted  in  quite  a  different  manner. 
Have  we  not  here  strong  evidence  of  the  osmotic  theory,  which  I 
maintain  is  the  true  general  explanation  of  the  variation  in  eruptive 
rock  composition.  A  small  conduit  of  an  unknown  original  chemical 
constituent  has,  in  passing  through  basic  sedimentary  rocks,  produced 
in  these  an  intense  physico-chemical  chanoje  and  extensive  develop- 
ment of  new  minerals  at  the  expense  of  the  loss  of  silica,  alumina, 
alkalies  and  probably  other  constituents,  whilst  a  very  marked  gain 
has  taken  place  with  regard  to  the  amount  of  magnesia  and  lime. 
Without  an  elaborate  series  of  analyses  of  the  alteration  products 
in  the  surrounding  rocks,  we  can  only  form  a  most  inaocurate  idea 

^  Vol.  L.  part  I,  February,  1894,  pp.  15-37. 
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of  where,  with  the  exoeption  of  the  MgO  and  OaO,  there  has  really 
been  loss  or  gain. 

Prof.  Broker  tells  us  that  the  earlier  rocks  were  the  more  hasio, 
but  he  hardly  gives  us  any  segregation  explanation  why  this  should 
be.  The  osmotic  theory  affords  very  efficient  reason.  The  first  part 
of  an  acid  magma  penetrating  limestone,  or  other  basic  strata,  comes 
in  contact  with  fresh  unaltered  rock,  and  can  soon  become  basified ; 
bat  in  so  doing  it  has  formed  a  practically  neutralized  lining  to 
the  igneous  conduit,  and  consequently  the  paste  that  follows  will  be 
gradually  less  and  less  affected.  This  earlier  basified  rock  has  partly 
or  entirely  cooled — in  some  cases  by  a  re-extension  upwards  of  the 
igneous  matter — this  cooled  rock  is  only  cracked  and  reinjected  by 
the  more  acid  paste  that  follows,  just  as  Prof.  Brogger  describes  as 
so  common  at  Gran.  In  other  cases  the  fissure-filling  fluid  material 
at  a  later  date  extends  and  breaks  the  earlier  basic  rock,  enveloping 
it  just  as  my  Scandinavian  friend  describes  the  bostonites  cutting 
the  comptonites  and  enveloping  rounded,  and  therefore  to  me  partly 
eaten  up,  fragments  of  the  latter,  and  also  pieces  of  pyroxenite*  which 
we  are  told  were  due  to  *' earlier  crystallizations  of  basic  composition 
in  a  paste,  from  which  the  distinct  magma  of  the  bostonite  was  not 
yet  separated  as  a  final  product  of  differentiation.*' 

Now  how  much  simpler  and  more  natural  is  my  own  explanation 
of  the  state  of  things  as  given  above.  Curiously,  that  very  same 
morning,  at  Nottingham,  when  Prof.  Brogger  read  his  note,  Prof. 
Sol  las  brought  forward  an  admirable  example  of  an  analogous  case 
of  extraneous  rock  enclosures,  and  gave  the  right  interpretation  of  it. 

In  the  bostonite  breccias  the  included  fragments  of  shale  are 
described  by  Prof.  Brogger  as  being  "  surrounded  by  a  basic  green 
mass,  partly  of  comptonitic  composition,"  and  we  are  expected  to 
believe  that  the  cooling  effects  of  these  fragments  caused  a  more 
basic  segregation  on  their  surface.  This  phenomenon  is  of  every- 
day occurrence,  and  well  known  to  a  geologist  accustomed  to  active 
volcanoes  ;  but  so  far  from  favouring  the  theory  of  chemical  diffusion 
and  segregation,  it  is  a  striking  example  of  the  contact  metamorphism 
of  a  magma  by  its  solid  enclosure.  As  a  rule,  the  smaller  the 
enveloped  fragment,  the  relatively  greater  is  the  basic  shell  around 
it ;  but  were  the  result  due  to  the  cooling  effect  of  the  enclosure, 
the  larger  this  was  the  broader  should  be  the  segregation  band. 

Certainly  the  analyses  given  by  Prof.  Brogger  prove  in  a  most 
striking  manner  the  acquisition  of  MgO  and  CaO  of  the  comptonite 
paste  with  the  actual  or  relative  loss  of  FeO,  Al,  0,  and  the  alkalies 
from  the  bostonite  paste. 

Another  fact  struck  me  as  very  remarkable :  the  two  bosses  of 
Brand berget  and  Solvesberget  are  smaller  and  more  basic  than  that 
of  Viksjeldene,  and  this  again  is  more  basic  than  its  larger  rival  at 
Dignces.  This  is  just  what  we  should  expect,  that  the  less  the  size 
of  the  injection  the  greater  would  be  the  relative  chemical  change 
produced  in  it  by  the  surrounding  sedimentary  rocks. 

I  am  glad  Prof.  Brogger  confirms  what  I  have  always  maintained 
to  be  a  general  principle,  that  the  larger  the  mass  of  any  given 
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intrusive  n)ok  of  a  given  sized  grain,  the  greater  will  be  the  amonnt 
of  contact  metamorpbiRm ;  also  his  observation  is  a  most  valuable 
one  concerning  the  difference  in  the  type  of  such  change  in  the 
surrounding  rocks,  as  the  composition  of  the  acting  magma  varies. 

Lfooking  at  this  valuable  evidence  so  lucidly  worked  out  by  Prof. 
Brogger  in  the  light  of  no  preconceived  idea,  we  find  that  it  doea 
not  in  any  way  prove  **  that  differentiation  of  the  original  magma 
has,  to  an  essential  degree,  been  dependent  on  the  laws  which 
govern  the  sequence  of  crystallization,"  but  that  it  does  afford  the 
strongest  evidence  in  favour  of  tlie  differentiation  of  an  original 
unique  paste  by  the  osmotic  reciprocal  reaction  between  it  and  that 
of  the  country  rock  that  it  has  been  intruded  into.^ 

I  am  satisfied  that  when  these  rocks  are  studied  in  this  new  light 
and  in  conjunction  with  other  erupttves  of  the  district,  it  is  not 
improbable  that  we  shall  find  they  are  all  modifications  of  one 
original  paste  (not  that  suggested  by  Prof.  Brogger)  which  posnbly 
might  be  that  of  the  great  mass  of  granitite  of  the  region. 

Naplbs,  M4ireh  I6th,  1894. 


IV. — On  a  New  Species  of  Diplacaxthus,  with  Remabks  on  thi 

AOANTHODIAN  ShOULDKR-GiRDLE. 

By  R.   H.   Traquair,  M.D.,  F.R.S.,   F.G.S. 

MANY  years  ago,  and  before  I  entered  on  my  duties  in  the 
Edinburgh  Museum,  the  late  Mr.  C.  W.  Peach  pointed 
out  to  rae  a  specimen  in  the  Hugh  Miller  Collection,  which  he 
was  inclined  to  consi^ler  as  new.  It  was  a  Cromarty  nodule  with 
dislocated  remains,  including  a  dorsal  and  a  pectoral  spine,  of  what 
was  apparently  a  Diplacnnihtu  of  unusual  size. 

I  did  not  consider  at  the  time  that  the  evidence  was  quite  sufficient 
to  warrant  the  description  of  this  specimen  under  a  new  specific 
name;  but  since  that  time,  and  indeed  comparatively  recently, 
specimens  have  been  added  to  the  collection  which  fully  justify 
Mr.  Peach's  surmise.  Certainly  they  belong  to  an  uudescribed 
species,  and  this  species  is  undoubtedly  the  same  as  that  in  the 
Hugh  Miller  Collection  already  referred  to.  Two  of  them  were 
purchased  two  years  ago  from  Mr.  Damon,  while  one  occurred  in 
the  Powrie  Collection  ;  all  three  are  from  Gamrie. 

This  species  attains  a  greater  size  than  D.  atriatm,  Ag.,  the 
largest  entire  specimen  measuring  7j^  inches  in  length,  while  still 
greater  dimensions  are  indicated  by  the  spines  of  the  example  in 
the  Hugh  Miller  Collection.  The  great  distinguishing  peculiarity 
is  to  be  found  in  the  external  sculpture  of  the  spines.  The  longi- 
tudinal ridges  are  fewer  and  broader,  the  intervening  furrows 
narrower,  than  in  D,  siriatuSt  and  the  flattened  surfaces  of  these 
ridges  are  again  finely  striated.  On  the  posterior  dorsal  spine  only 
two  lateral  furrows  are  seen,  by  which  two  ridges  are  marked  off  in 
front,  the  space  remaining  behind  being  nearly  equal  to  both  of  these. 

'  See  mv  paper,  **The  Causes  of  the  Variation  in  the  Composition  of  Igneous 
Bocks,"  Nat,  Science,  vol.  iv.  Feb.  1894. 
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The  pectoral  spine  is  well  sbown  in  the  Hugh  Miller  specimen, 
and  has  the  same  sickle-shaped  contour  as  that  in  D,  striatus ;  but 
the  ridges  are,  as  in  the  case  of  the  dorsal  spines,  less  numerous 
and  more  flattened.  The  secondary  striation  is  not  observable  on 
this  spine,  but  it  is  most  distinctly  seen  on  the  anterior  dorsal  one, 
which  lies  close  to  it  in  the  same  nodule.  The  posterior  or  concave 
border  of  the  pectoral  spine  is  furnished  with  recurved  denticles, 
a  character  also  found  in  D.  striatua,  though  not  noticed  by  either 
Agassiz  or  Smith  Woodward, 

The  spines  seem  rather  smaller  in  proportion  to  the  dimensions 
of  the  fish  than  in  D.  atriatua.  llie  scales  are  quite  similar  in 
character. 

I  propose  to  name  this  species  Diplacanthua  teHuiatrtatus,  and  its 
recognition  is  certainly  not  complicated  by  any  claim  to  revival 
on  the  part  of  any  of  the  cast-aside  synonyms  of  D.  atriatua. 

Formation  and  Locality, — Old  Red  Sandstone  of  the  Orcadian 
series ;  Cromarty  and  Gamrie. 

Eemarks  on  the  Aoanthodian  Shouldeb-Oisdlb. 

It  has  long  been  well  known  that  the  pectoral  spine  in  Acanihodea 
was  supported  by  a  peculiar  bone  constricted  in  the  middle,  ex- 
panded at  both  extremities,  and  perforated  along  its  long  axis 
by  an  internal  hollow  or  canal.  This  ossicle  has  usually  been 
interpreted  as  an  element  of  the  shoulder-girdle,  and  designated 
"clavicle,"  or  "  coracoid." 

Mr.  Smith  Woodward,  however,  in  the  second  part  of  his 
"Catalogue  of  the  Fossil  Fishes  in  the  British  Museum,"  published 
in  1891,  put  forward  an  entirely  different  theory  as  to  the  nature 
of  this  bone.  Instead  of  considering  the  bone  in  question  to  belong 
to  the  shoulder,  he  looks  upon  it  as  a  ^*  basal  "  element  of  the  fin. 
In  fact,  as  I  understand  the  case,  Mr.  Woodward  reganls  the  pectoral 
fin  of  Acanthodea  as  specialized  from  the  Selachian  type  by  the 
abbreviation  of  the  Basipterygium,  and  finally  by  the  disappearance 
of  all  the  basals  save  one. 

The  configuration  of  this  element  in  Acanthodea  certainly  suggests 
strongly  the  idea  of  a  bone,  preformed  in  cartilage  and  ossified  from 
the  outside  inwards,  and  leaving  a  conically  constricted  internal 
cavity.  But  there  are  other  Acanthodian  genera  than  Acanihodea^ 
and  in  some  of  these,  notably  among  the  Diplacanthidae,  the  form 
of  the  bone  in  question  is  considerably  different.  In  Diplacanthua 
the  bone  does  not  present  that  hour-glass  sort  of  shape  we  are 
familiar  with  in  Acanthodea,  but  is  pointed  above,  expanded  and 
flattened  below,  so  as  to  assume  an  appearance  reminding  us  of  a 
Palaeoniscid  clavicle.  And  in  fact  Mr.  Woodward  does  interpret 
this  element  in  Diplacanthua  as  a  "clavicle,"  and  has  pointed  out 
two  small  **  infra- clavicular "  pieces  which  connect  in  the  middle 
line  the  lower  extremities  of  the  clavicles  of  the  two  sides.  More- 
over, he  makes  the  possession,  or  not,  of  a  clavicle  into  a  taxonomic 
character :  thus  the  Acanthodidad  have  one  dorsal  fin  and  no  clavicles ; 
the  Ischnacanthidsd  two  dorsal  fins  and  no  clavicles;  the  Diplacan- 
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tbidas  two  dorsal  fins  and  olavioles  present  Of  oonrae  in  tlM 
Acanthodid»  and  Isohnacanthidse  the  ossiole  supporting  the  pectoral 
spine  is  interpreted  as  a  basal  piece. 

Against  this  view  of  Mr.  Smith  Woodward  I  protested  in  a 
review  of  bis  work  wbiob  appeared  in  this  Maoazikb  for  March 
1891,  and  1  am  still  as  atrongly  as  ever  of  opinion  that  the  element 
which  Mr.  Woodward  calls  *' clavicle"  in  DiplaeanihuB  is  identical 
with  that  which  he  considers  as  "basal  cartilage"  in  Acanihoda 
and  Ischnacanthus,  And  I  base  this  opinion  npon  the  fact  that  the 
relation  of  the  supposed  basal  bone,  in  the  one  case,  to  the  pectoral 
spine,  is  identical  with  that  of  the  supposed  clavicle  in  the  other ; 
while  we  may  also,  in  the  series  of  Acanthodian  genera,  trace  every 
gradation  from  the  most  to  the  least  claviculoid  shape  of  the  bone. 

No  one  can  doubt  that  the  Diplacantbidas  show  a  more  archaic 
type  of  configuration  than  the  AcanthodidsB,  and  among  the  former 
the  most  archaic  form  is  Climatius,  Here  the  ossicle  in  question 
greatly  resembles  the  vertical  limb  or  upper  part  of  a  palsaoniscid 
clavicle,  being  both  thin  and  flattened,  and  I  have  not  been  able  to 
discover  in  the  specimens  before  me  any  trace  of  the  internal  tubular 
hollow  seen  in  Acanthodes^  In  front  of  tbe  lower  end  there  is  an 
infra-clavicular  element 

So  there  is  also  in  ParexuSj  but  in  this  genus  the  internal  hollow 
has  appeared  in  the  supporting  ossicle  of  the  spine,  which,  though 
still  expanded  and  flattened  below,  has  become  straighter  and  more 
cylindrical  above,  thus  showing  a  decided  step  towards  the  "  basal  *' 
bone  of  Acanthodes.  And,  indeed,  as  "  basal  cartilage  "  this  very 
element  is  designated  in  Mr.  Woodward's  diagram  of  the  shoulder  of 
Parexns  {op.  cit,  p.  35),  while  the  piece  on  the  same  figure  which 
he  designates  **  clavicle  **  seems  to  me,  from  its  position  with 
respect  to  the  anterior  extremity  of  the  spine,  and  also  the  other 
element  just  referred  to,  infra-clavicular  in  its  nature.  This  view 
receives  further  confirmation  from  the  fact  mentioned  by  Mr. 
Woodward  that  these  supposed  clavicles  meet  in  the  middle  line. 
In  Diplacanthus  the  supporting  bone  of  the  great  pectoral  spine 
becomes  again  very  claviculoid  in  shape,  but  the  internal  tubular 
hollow  is  there  all  the  same,  a  fact  noticed  by  Mr.  Woodward  himself 
{op,  cit.  p.  23).  A  pair  of  infra-clavicular  elements  is  also  seen,  as 
already  noticed,  and  these  help  to  support  the  lesser  pectoral  spines. 

Concerning  the  relations  of  the  two  pectoral  spines  of  this  genus, 
outer  and  inner,  Mr.  Woodward  says  that  their  axes  "  are  inclined 
towards  one  another,  and  at  their  proximal  extremity  they  are  firmly 
united  by  a  mass  of  hard  tissue,  which  is  probably  to  be  regarded  as 
the  basipterygium  or  basal  cartilage."  This  is  a  view  with  which 
I  cannot  agree.  In  the  first  place,  even  if  the  tissue  in  question 
were  cartilage,  I  do  not  see  any  resemblance  between  it  and  the 
ossicle,  which  the  author  interprets  as  **  basal "  cartilage,  in  Acan- 
thodes,   But  the  appearance  is,  to  my  eye,  solely  due  to  an  expansion 

1  Sinc€  the  above  has  been  in  type,  I  have  seen  in  specimens  of  ClimatittSj  preserved 
in  the  British  Museum,  clear  evidence  that  in  this  genus  the  bone  in  question  is 
furnished  with  an  internal  tubular  hollow,  as  in  other  Acanthodei. 
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of  the  bases  of  the  two  spines,  the  portion  belonging  to  each  being 
in  one  of  my  specimens  apparently  divided  from  the  other  by  a 
Butnre ;  though  in  others  no  such  division  oan  be  seen. 

As  regards  lichnacanihusy  it  seems  to  me  that  no  one  can  look  at 
its  shoulder  without  being  convinced  that  the  ossicle  supporting  its 
pectoral  spine  is  perfectly  homologous  with  the  corresponding 
element  in  Climatius,  MUhaeanthus,  Parexus  and  Diplacanthtta  on 
the  one  hand,  and  Mesaeanthus,  Cheiraeanthui  and  Aeanthodea  on 
the  other.  Its  upper  extremity  has  become  more  cylindrical,  its 
lower  is  still  considerably  expanded. 

The  shoulder-bone  of  Mesaeanthus  is  still  to  some  extent  claviculoid 
in  appearance,  the  lower  half  having  a  laminar  expansion,  but  in 
Cheiraeanthus  and  Acanthodes  it  has  become  almost  quite  oylindricaly 
save  just  at  the  lower  extremity,  where  it  joins  the  pectoral  spine. 
Here  I  may  repeat  that  the  relation  of  this  element  to  the  pectoral 
spine  all  through  the  series  of  genera  is  so  identical  that  for  my 
part  I  cannot  conceive  that  the  bone  should  be  in  one  case  a  ''basal," 
in  the  other  a  **  clavicle."  Therefore  I  can  also  see  no  reason  why 
Isehnacanthus  should  be  separated  and  put  into  a  family  apart  from 
the  other  Diplacanthidao. 

But  what  is  the  shoulder-bone  after  all?  It  cannot  well  be  a 
basal  bone,  as  microscopically  it  is,  according  to  Reis,  like  the 
spines  and  scales,  entirely  composed  of  Dentine,*  and  its  con6gura- 
tion,  and  association  with  another  plate-like  ''infra-clavicular" 
element  in  certain  Diplacanthidse,  pretty  certainly  indicate  that  it 
is  also,  like  the  spines,  entirely  superficial  in  its  origin.  I  therefore 
must  concur  with  Reis  in  considering  this  bone  to  be  a  "  claviculoid," 
or  a  dermal  structure  assuming  the  position  and  functions  of  a 
clavicle. 

V. — The  Most  Rrcent  Changes  of  Level  and  their  Teaching. 

Part  I.  The  Raised  Beaohes. 

By  Sir  Henrt  H.  Howoeth,  K.C.I.E.,  M.P.,  F.R.S.,  F.G.S. 

rERE  are  signs  accumulating  everywhere  that  the  views  so 
logically  pressed  to  their  conclusion  by  Hutton  and  Play  fair,  and 
by  a  great  catena  of  geologists,  since  the  appearance  of  the  first 
edition  of  Lyell's  "  Principles  of  Geology,"  have  received  a  certain 
check;  and  no  one  can  read  the  works  of  the  great  Continental 
geologists  without  seeing  that  there  is  a  tendency  to  reconsider 
the  position,  and  to  hark  back  to  the  views  of  another  school  of 
teachers. 

While  conceding  that  diurnal  and  slowly  operating  causes  have 
done  much  to  smooth  and  shape  the  superficial  features  of  the 
world,  many  sober  geologists  are  beginniug  to  realize  that  it  is  to 

^  In  the  substance  of  this  bone  there  seem  to  be  no  vascnlar  canals.  Reis  (Zur 
KenntnisB  des  Skelets  der  Acanthodinen.  Geognostische  Jahrbiicher,  1890,  pp.  27 
ei  seg.)  describes  and  fig^es  dentine  tubules,  but  these  were  not  observed  by  Fntsch, 
who  aeseribes  the  structure  as  consisting  entirelv  of  closely  superimposed  laminsa 
(Fanna  der  Gaskohie  und  der  Ealksteine  der  rennformation  Bohmens,  Bd.  iii. 
Heft  2,  pp.  64,  65). 
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intermittent  and  not  to  oontinnons  and  nniform  oonditione  and 
forces  we  moat  attribute  ita  greater  features,  its  mountaina,  and  its 
ocean  depths,  its  valleys  and  ita  soarped  diffsy  its  ohaams  and  its 
splintered  pyramids,  and  needles  of  naked  rook. 

I  know  of  no  more  elementary  fact  in  this  behalf  than  that 
presented  by  our  own  islands.  That  they  have  been  subjeoted  at 
different  times  to  vast  movements  of  upheaval  and  aubeidenoe  is 
as  plain  as  the  presence  of  the  sun  in  a  July  sky;  yet  if  we 
candidly  question  the  evidence  as  to  what  has  ooourred  here  in 
historic  times,  which  means  since  the  Romans  planted  themselves 
here,  we  shall  fail  to  find  (at  least  I  have  after  a  diligent  search 
failed  to  find)  any  satisfactory  evidence  whatever  to  justify  the 
conclusion  that  there  has  been  a  change  of  level,  or  even  any 
material  change  of  outline  in  these  islands  during  the  intervaL 

No  doubt  there  have  been  looal  invasions  of  the  coast  in  Norfolk 
and  Suffolk  and  Yorkshire,  as  there  have  been  depositions  of  silt 
and  mud  in  the  Wash  and  in  the  marshy  country  round  it  The 
Wantsum  has  been  silted  up,  and  the  Roman  ports  of  Richborough 
and  Reculver  are  no  longer  ports.  There  have  been  small  local 
invasions  of  the  coast  at  Rye  and  Winchilsea,  and  there  has  been  a 
corresponding  accretion  in  Romney  Marsh.  The  two  processes  have, 
in  fact,  compensated  each  other.  Erosion  of  the  projecting  head* 
lands  and  of  the  land  exposed  to  rough  tides  has  been  correlative 
with  the  deposition  of  the  products  of  erosion  elsewhere.  All  this 
is  familiar  and  elementary. 

On  the  other  hand,  the  continued  existence  of  the  Pharos  at 
Dover  Castle  and  the  continuance  until  recent  years  of  the  corre- 
sponding Pharos  of  Caligula,  at  Boulogne,  shows  that  the  outline 
and  limits  of  the  coast  at  these  critical  points,  where  the  rush  of 
the  Channel  tide  is  greatest,  must  be  very  much  what  they  were  in 
Roman  times ;  nor  is  there  anywhere,  so  far  as  I  know,  either  in 
the  North  of  England  or  the  South,  satisfactory  evidence  that  the 
land  has  risen  or  the  sea  has  sunk  since  Roman  times ;  while  there 
is  some  evidence,  like  that  of  the  Hythe  canal,  the  terminating 
portions  of  the  Roman  wall  in  the  north,  and  the  facts  collected  on 
the  Cheshire  coast,  to  show  that  the  respective  levels  of  land  and 
sea  have  remained  unaltered. 

While  I  am  on  this  subject  I  am  tempted  to  quote  a  not  too 
familiar  passage  from  Button,  with  whom  I  cannot  often  agree. 
•*  The  description,"  he  says,  "  which  Polybius  has  given  of  the 
Euxine,  with  the  two  opposite  Bosphori,  the  Madotis,  the  Propontis, 
and  the  port  of  Byzantium,  are  as  applicable  to  the  state  of  things 
now  as  they  were  at  the  writing  of  that  history.  The  Isthmus  of 
Corinth  is  apparently  the  same  at  present  as  it  was  two  or  three 
thousand  years  ago.  Scylla  and  Cltarybdis  are  still,  as  in  ancient 
times,  rocks  hazardous  for  coasting  vessels ;  the  Port  of  Syracuse, 
with  the  Island  which  forms  the  Greater  and  Lesser  Port,  and  the 
Fountain  of  Arethusa,  the  water  of  which  the  ancients  divided  from 
the  sea  by  a  wall,  do  not  seem  to  be  altered  ....  on  the  Coast  of 
Egjpt  we  find  the  rock  on  which  was  built  the  famous  Tower  of 


Sir  H.  Howorih — Recent  Changes  of  Letel.  259 

Pharos,  and  at  the  eastern  extremity  of  the  Port  of  Ermoste  the 
Sea  Bath  cat  in  the  solid  rook  upon  the  shore.  Both  these  rooks 
are  to  all  appearances  the  same  at  this  day  as  they  were  in  ancient 
times."  Similarly  Murchison  showed  that  on  the  Danube  the 
remains  of  Roman  buildings  prove  that  no  change  of  level  has  taken 
place  since  Roman  times. 

These  remarkable  facts  are  proofs,  no  doubt,  of  uniformity  of 
continuous  conditions  having  subsisted  during  the  last  eighteen 
centuries ;  but  they  are  at  the  same  time  equally  clear  proofs  that 
there  was  a  time,  or  rather  there  have  been  many  times,  when  the 
crust  of  the  earth  in  these  latitudes  had  more  "ups  and  downs" 
than  it  has  had  recently. 

Let  us  now  proceed  a  step  further.  If  we  traverse  the  limits  of 
recorded  history  and  try  to  discover  what  archceological  or  geological 
evidence  we  can  reax)h  of  the  latest  changes  in  the  distribution  of 
land  and  water  within  our  four  seas,  we  are  remitted  to  two  kinds 
of  evidence,  that  of  the  submerged  forests  on  the  one  hand,  and 
that  of  the  raised  beaches  and  their  associated  phenomena  on  the 
other.  With  the  submerged  forests  I  do  not  at  present  propose  to 
deal,  but  will  limit  myself  to  the  raised  beaches.  What  then  is  the 
meaning  of  the  raised  beaches  ? 

Before  we  attack  the  main  point,  I  wish  to  say  something  of  a 
subordinate  issue,  upon  which  I  think  a  great  deal  of  baseless 
inference  has  been  built.  There  are  two  places  in  Britain  where 
primitive  boulders  occur,  in  which  it  is  possible  that  they  are  quite 
accidental.  One  is  on  the  coast  of  Sussex,  and  the  other  is  the  case 
of  the  so-called  Norwegian  boulders  in  Eastern  England.  Upon  both 
of  these  occurrences,  as  we  have  said,  very  large  conclusions  have 
been  based  ;  and  they  would,  in  a  measure,  be  justified,  if  these 
boulders  were  erratics,  but  on  this  point  there  is  the  gravest  doubt. 
First,  in  regard  to  those  found  in  the  English  Channel  (and  I  am 
speaking  of  the  foreign  stones  only)  whose  provenance  has  been 
much  debated  and  in  regard  to  which  extraordinary  postulates 
as  to  shore-ice  and  floating-ice  in  the  English  Channel  have  been 
forthcoming,  in  spite  of  the  fact  that  the  shells  and  other  debris 
found  there  show  no  tracer  of  great  cold,  but  on  the  contrary  are 
mixed  with  Lusitanian  and  southern  forms.  It  seems  to  me  that 
not  only  the  very  local  distribution  of  these  boulders,  but  the  place 
where  they  occur,  in  a  reach  of  embayed  waters,  are  strongly  against 
their  having  been  regular  erratics.  If  they  had  been  so,  assuredly 
we  should  have  found  others  in  the  Isle  of  Wight  and  on  the 
coast  of  the  mainland  east  and  west  of  it,  besides  the  mere  cluster 
to  which  I  refer,  and  which  has  been  so  much  discussed.  How, 
then,  would  I  account  for  these  boulders  ?  By  the  simple  theory 
that  they  may  be  ballast  which  has  either  been  thrown  overboard  or 
has  come  from  some  ship  which  has  gone  to  pieces  on  the  coast. 
Assuredly  this  is  a  very  reasonable  explanation  of  the  facts  and 
much  more  in  accordance  with  scientific  laws  of  evidence  than  the 
current  theory,  and  it  ought  to  be  discussed  and  its  possibility  tested 
before  we  are  called  upon  to  face  much  more  difficult  caw^^. 
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I  would  apply  preoisely  tbe  Bame  explanation  to  the  so-called 
Scandinavian  boalden  of  Eastern  England;  these  boulders  have 
been  the  mainstay  of  those  who  have  aigiied  in  favour  of  a  North 
Sea  ice-sheet,  which  is  supposed  to  have  filled  up  the  whole  area 
between  Scandinavia  and  Britain. 

In  my  recent  book  on  the  Glacial  Nightmare,  I  have  advanced  a 
number  of  arguments  against  this  theory.  Professor  Bonney  has 
recently  added  a  new  and  striking  one,  based  upon  the  difficulty 
such  an  ice-sheet  would  have  in  traversing  the  hollow  trough  which 
runs  down  the  western  coast  of  Scandinavia ;  these  do  not,  however, 
exhaust  all  the  arguments.  If  a  portentous  ice-sheet,  loaded  with 
various  kinds  of  stone,  had  come  all  the  way  from  Scandinavia  to 
Britain,  we  should  expect  to  find  traces  of  its  terminal  moraine, 
and  we  should  certainly  expect  to  find  not  only  a  few  scattered 
stones  on  the  beach  in  Yorkshire  or  East  Anglia,  but  lai^  numbers 
of  them  inland,  not  only  in  England,  but  more  especially  in  Scotland. 
It  must  be  remembered  also  that  the  most  oharaoteristic  of  these 
stones,  if  not  all  of  them,  oome  not  from  the  part  of  Norway 
opposite  Britain,  but  the  Christiania  Fjord.  This  is  very  em- 
phatically maintained  by  the  late  Prof.  Carvill  Lewis  and  tbe 
Northern  geologists,  whence  it  is  most  difficult  to  see  how  an  ice- 
sheet  could  have  travelled  to  Britain  at  all. 

The  fact  is,  the  whole  theory  of  a  North  Sea  ice-sheet,  in  so  far 
as  it  is  based  on  these  boulders,  is  a  stopendonR  test  and  trial  of 
human  credulity.  I  believe  these  stones  to  be  like  those  from  the 
English  Channel,  merely  ballast  which  has  been  thrown  overboard, 
or  left  by  some  wrecked  ships.  I  may  say  that  my  very  acute  friend 
Professor  Hughes,  of  Cambridge,  shares  this  opinion,  and  since  I 
wrote  this  has  published  his  views  in  •*  Nature,"  which  I  feel  to  be 
a  very  important  support  to  my  contention.  He  tells  me  that  he 
once  entered  the  hull  of  a  wrecked  ship  on  the  coast  of  East  Anglia 
which  was  being  broken  by  the  waves,  and  which  contained  in  its 
hold  ballast  consisting  of  foreign  primitive  rocks.  This  seems  to 
me  to  be  a  very  useful  instance  of  an  occurrence  which  must  have 
been  very  frequent  indeed  on  this  much  exposed  coast,  and  which 
furnishes  a  reasonable  key  to  a  problem  which  has  mystified  many 
people,  and  grateful  to  those  who  believe  in  sobriety  as  a  potent 
factor  in  scientific  reasoning,  and  who  have  not  been  led  captive  by 
the  charming  but  delusive  rhetoric  of  Agassiz  and  his  scholars. 

Having  discussed  the  interfering  factor  involved  in  the  foreign 
stones  on  the  Yorkshire  and  Hampshire  coast,  let  us  now  turn 
more  directly  to  the  meaning  of  the  raised  beaches. 

They  are  generally  taken  to  mean  that  the  beaches  represent  the 
level  at  which  the  sea  once  stood,  and  we  are  asked  to  concede  that 
these  beaches  prove  a  former  submergence  of  the  land  up  to  the 
point  where  they  occur.  That  they  do  mean  this  is  clear  enough, 
but  it  seems  to  me  that  this  is  not  all.  llie  really  interesting 
q\iestion  is  not  whether  the  sea  once  reached  up  to  the  level  of 
these  beaches,  but  whether  its  presence  there  was  lasting  and  con- 
Unued  or  merely  transient  and  ephemeraL     Do  the  beaches  mark 


Sir  H.  Hatcorth — Recent  Changes  of  LeveL  261 

the  result  of  a  more  or  less  permanent  change  of  level  in  the  sea 
margin,  by  which  the  land  was  upheaved,  or  do  they  merely  mark 
the  highest  level  of  a  transient  wave  or  rush  of  water,  such  as  is 
left  by  every  high  tide  of  the  sea,  and  by  every  flooded  river,  or 
rushing  current  escaping  from  a  lake  which  has  burst  its  barriers, 
along  the  margin  of  its  highest  rush. 

The  former  view  is  that  which  chiefly  prevails  among  the  teachers 
of  Uniformity,  who  prefer  to  make  whole  continents  rise  and  fall 
to  explain  every  similar  phenomenon,  so  long  as  the  process  is  a 
slow  one,  than  have  recourse  to  any  unusual  displacement  of  water 
on  a  large  scale,  which  must  follow  any  such  upheaval  or  sub- 
sidence on  a  much  smaller  scale  when  rapid.  I  must  confess  to 
being  a  supporter  of  the  latter  view. 

In  the  first  place  I  would  call  attention  to  the  exceedingly  sporadic 
and  scattered  character  of  these  raised  beaches.  They  are  nowhere 
continuous  for  any  distance ;  they  consist  chiefly  of  mere  shreds  and 
patches* of  gravel  here  and  there,  and  not  of  continuous  and  deep 
shingle  beaches  and  masses  of  sand  with  marine  shells  in  them, 
such  as  the  margins  of  the  ocean  would  deposit.  If  there  had  been 
a  continuous  and  widely-spread  elevation  of  the  land  we  should 
certainly  have  had  in  many  places  a  replica  of  the  modern  strands. 
Not  only  so,  but  these  strands  would  have  passed  continuously  round 
all  the  inlets  and  recessed  gulfs  and  bays  of  the  land,  where  they 
would  have  been  virtually  proof  against  subsequent  denudation. 

Again,  the  sea  would  in  this  case  have  invaded  all  the  lowlands 
within  its  reach,  and  would  in  that  case  have  covered  them  with 
unmistakable  marine  deposits,  mud  and  sand  with  marine  debris. 
Of  evidence  of  this  I  can  find  none.  This  applies  to  the  low-level 
beaches.  If  we  turn  to  the  high-level  ones  the  case  is  even  more 
remarkable.  When  we  remember  the  height  at  which  the  Moel 
Tryfaen  and  the  Macclesfield  beaches  occur,  it  seems  impossible  to 
understand,  if  they  mark  an  actual  prolonged  submergence  to  that 
extent,  how  it  is  that  over  large  areas  in  England  we  do  not  find 
most  unmistakable  evidence  of  prolonged  submergence  in  the  shape 
of  unmistakable  marine  deposits  with  the  manifold  wreckage  of 
the  sea,  for  the  submergence  in  question  must  have  covered  a  large 
part  of  these  islands  with  a  great  depth  of  water,  and  according  to 
Uniformitarian  views  must  have  done  so  for  a  long  period. 

I  cannot,  therefore,  see  in  these  beaches  the  proof  of  prolonged 
submergence  which  others  profess  to  see,  but  rather  the  passage 
along  the  shore  of  a  great  tidal  wave  or  rush  of  water,  caused  by 
disturbance  of  the  strata  somewhere,  which  took  up  a  certain  quantity 
of  gravel,  etc.,  and  left  it  at  its  own  high  water- matk,  at  once  a 
proof  of  its  presence,  and  a  measure  of  its  intensity  at  the  spot  of 
the  wave  in  question. 

The  next,  and  a  very  important,  point  to  remember,  which  has 
been  much  overlooked,  is  the  irregular  height  at  which  these  raised 
beaches  occur.  If  they  had  been  due  to  the  general  upheaval  of  the 
laud,  we  should  have  found  assuredly  some  common  level  among 
them ;  instead  of  this  it  is  scarcely  possible  to  find  any  two  of  them 
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at  the  same  height  In  inlets  and  coves  they  seem  to  rise  as  we  go 
inland ;  elsewhere  their  elevation  is  as  irregular  and  sloping  as  that 
of  the  terraces  in  some  of  the  Scotch  inlets  is.  This  seems  consistent 
not  with  a  general  and  widespread  elevation  of  the  land,  bnt  with  the 
rush  of  a  mass  of  water,  which  when  throttled  in  a  narrow  passage 
would  rise  to  a  higher  level,  and  when  it  had  free  elbow  room  would 
spread  out,  just  in  the  same  way  that  we  can  see  the  Baoe  in  the 
Bristol  Channel  and  in  the  Gulf  of  St  Micael  spread  out.  Hence  it 
does  not  seem  to  me  that  we  have  much  good  warranty  for  always 
separating  the  high-  and  the  low-level  beaches.  They  are  possibly, 
if  not  probably,  due  to  the  same  impulse  and  the  same  movement, 
and  merely  mark  its  varying  phases,  whether  it  was  constricted  or 
had  room  to  flow  freely.  When  it  met  with  a  barrier  and  its  flow 
was  rapid  it  would  rise ;  hence,  probably,  the  reason  for  the  height 
of  the  beach  at  Moel  Tryfaen.  Where  it  had  room  to  spread  it  doubt- 
less reached  far  into  the  land  until  it  spent  itself.  Hence,  perhaps,  the 
explanation  of  the  occurrence  of  Whale's  bones  and  skeletons  in  the 
low-lying  districts  south  of  the  Wash,  in  Cambridgeshire,  and  the 
shells  found  in  the  district  called  the  Straits  of  Malvern,  which  were 
once  probably  overrun  by  a  great  Race  from  the  Bristol  Channel.  I 
take  this  to  be  the  most  rational  explanation  of  the  raised  beaches  and 
of  the  existence  of  marine  debris  in  certain  very  local  inland  districts, 
which  it  has  been  the  custom  in  so  many  geological  manuals  to 
quote  as  unmistakable  witnesses  of  a  general  change  of  level  of 
land  and  sea  where  they  occur.  I  would  extend  this  argument  to 
all  the  cases  where  there  in  no  clear  evidence  of  the  land  being  in 
an  area  of  proved  upheaval,  as  in  Northern  Scandinavia,  in  Green- 
land, and  in  Labrador.  I  would  extend  it  also  to  the  shell  beds 
such  as  those  at  Udde valla,  which  no  stretch  of  the  imagination 
would  attribute  to  an  old  beach,  and  where  I  have  spent  many  hours 
among  them ;  also  to  some  of  the  so-called  raised  beaches  of  Canada. 
I  would  of  course  except  some  of  those  cases  where  the  shells  have 
actually  been  found  as  they  lived ;  but  even  here  the  greatest  caution 
is  necessary  in  interpreting  the  facts,  for  shells  with  their  valves 
united  and  enclosed  in  clay  might,  under  many  oonditions,  be 
removed  with  the  clay  en  massey  and  thus  simulate  beds  in  situ. 
Within  our  seas  I  know  of  no  raised  beaches  which  can  unmistak- 
ably claim  to  mark  old  sea-levels,  but  only  the  levels  of  one  or 
more  great  cataclysmic  tide  or  tides  or  waves — perhaps  the  very 
same  wave  or  waves  which  spread  out  the  drift  and  mixed  the 
Boulder-clay  and  the  gravel  and  sand  of  the  Eskers  with  fragments 
of  marine  shells,  etc. 

Another  question,  of  course,  remains,  and  one  which  is  very  difficult 
of  solution,  namely,  as  to  whether  the  various  raised  beaches  at 
different  levels  which  occur  round  these  islands  are  the  results  of 
one  considerable  wave  or  of  several,  occurring  at  different  times.  It 
seems  reasonable,  at  all  events,  to  suppose  that  the  low-level  beaches 
and  the  high-level  beaches  belong  to  different  diluvial  movements. 
We  have  some  evidence  that  one  such  movement  took  place  in 
Northern  Europe  in  the  second  century  b.o.  in  the  so-called  Cimbrio 
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flood,  mentioned  by  Floras  as  the  cause  of  the  migration  of  the 
Cimbri  and  the  Ten  tones.  The  occurrence  of  the  remains  of  a  boat 
iu  the  20- foot  beach  on  the  Clyde  points  to  one  of  these  movemenU 
at  least  having  been  much  later  than  the  diluvial  movement  which 
destroyed  the  Mammoth  and  its  companions.  Perhaps  the  deposition 
of  this  beach  was  coincident  with  the  so-called  Cimbric  flood. 

These  are  questions,  however,  which  the  future  must  settle ;  what 
we  are  now  chiefly  constrained  to  urge  is,  that  the  raised  beaches 
which  have  been  supposed  to  index  immense  movements  of  the 
earth's  crust,  up  and  down,  are  capable  of  a  much  more  moderate 
and  much  more  plausible  explanation,  namely,  that  they  are  neck- 
laces put  about  the  land  by  the  amorous  sea  in  one  of  its  more  ardent 
moments,  and  correspond  to  the  line  of  wreckage  in  the  fields  after 
an  inundation. 


VL — The  Corbuoation   of  the  Earth's  Surface  and  Volcanic 

Phenomena.^ 

By  Abtuub  Yauohan,  B.A.,  B.So. 

IT  is  important,  in  the  first  place,  to  discuss  those  facts  concerning 
the  Earth  which  must  be  taken  into  account  in  any  attempt  to 
deal  satisfactorily  with  the  problem  before  us. 

To  a  depth  of  about  80  feet  in  Temperate  regions,  the  earth  has 
its  temperature  determined  by  the  seasons ;  being  warmed  in  summer 
and  cooled  in  winter.  Below  this  average  depth  the  temperature 
remains  constant  throughout  the  year,  and  shows  a  steady  increase 
as  we  go  downwards.  By  observations  made  in  deep  borings,  it  is 
found  that  this  increase  is  at  the  rate  of  about  1°  F.  for  every  60  feet, 
and  that  this  law  holds  true  throughout  a  descent  of  several  hundred 
feet ;  but  that  the  rate  of  increase  diminishes  at  considerable  depths. 
This  increase  in  temperature  with  distance  from  the  surface  points 
unmistakably  to  a  large  store  of  heat  in  the  interior  of  the  earth, 
and  the  increase  in  the  rate  at  which  temperature  diminishes,  as  we 
approach  the  surface,  agrees  with  what  we  should  expect  to  happen 
if  a  large  heated  mass  were  allowed  to  cool ;  the  nearer  the  surface 
the  greater  would  be  the  rate  of  loss  of  heat,  and  consequently  the 
more  rapid  the  diminution  of  temperature. 

The  next  important  point  to  be  considered  is  that,  however  the 
rocks  near  the  surface  may  diff'er  in  composition,  they  are  all  dis- 
tinguished by  being  divided  up  into  larger  or  smaller  portions  by 
joints,  bedding-plane,  etc.  The  actual  amount  of  separation  caused 
by  this  means  varies  very  much  with  different  rocks ;  but  in  so  far 
as  it  exists  must  necessarily  allow  of  closer  approximation  if  the 
rocks  ever  become  subjected  to  great  pressure.  That  this  jointing 
is  sufficient  to  allow  of  seasonal  expansion  is  obvious,  notwith- 
standing the  fact  that  the  difference  between  summer  and  winter 
temperature  in  continental  regions  is  often  extreme.  Again,  this 
division  into  smaller  portions  by  jointing,  etc ,  remains  true  at  all 

^  The  author  wishes  it  to  be  stated  that  this  article  was  sent  in  on  March  31st, 
1894,  but  has  not  appeared  earlier  for  want  of  space. — Edit.  Gbol.  Maq. 
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depths  to  whioh  observation  has  been  oarried ;  so  that  this  property 
may  be  roughly  said  to  define  what  is  meant  by  the  cmst. 

Let  us  now  carefully  consider  what  would  be  the  effect  of  allowing 
a  large  heated  mass  to  cool.  We  will  first  take  the  simplest  case, 
namely,  a  sphere  of  homogeneous  material.  Considering  the  mass 
as  made  up  of  consecutive  concentric  shells,  the  outermost  shell,  oq 
account  of  its  greater  exposure  and  closer  proximity  to  the  oooling 
influences,  will  cool  faster  than  the  next  inner;  but,  since  cooling 
necessarily  produces  contraction,  and  since  the  amoant  of  contraction 
is  dependent  on  the  loss  of  temperature,  the  external  shell  will 
contract  faster  than  that  underlying  it  It  obviously  follows  that 
the  outer  shell  exerts  a  squeezing  force  upon  the  interior,  and,  by 
compressing  the  mass  into  a  smaller  volume,  increases  its  density. 
The  interior  in  its  turn  prevents  the  outer  shell  from  contracting 
to  the  full  extent  proper  to  its  loss  of  temperature,  and  thus  sets  np 
a  state  of  strain  in  the  outer  shell.  Thus,  progressively,  each  shell, 
by  contracting  upon  the  next  inner  one,  increases  the  density  of  the 
interior,  and  is  itself  at  the  same  time  thrown  into  a  state  of  strain. 

A  familiar  illustration  of  this  process  is  the  brittleness  induced  in 
most  metals  by  rapid  oooling,  and  to  minimize  this  state  of  strain 
recourse  is  had  to  the  process  of  annealing.  This  reasoning  seems 
to  apply  with  equal  force  to  the  case  of  the  earth.  Each  shell, 
as  it  contracts  from  loss  of  heat,  compresses  the  included  mass  and 
increases  its  density ;  continued  contraction  of  shell  upon  shell  pro- 
duces cumulative  results  in  the  same  direction. 

From  this  very  effect  also  the  amount  of  contraction  will  increase; 
for  it  is  found  that  the  coefficient  of  expansion  of  any  material 
increases  with  its  density.  This,  perhaps,  affords  an  explanation 
of  the  fact  that,  whilst  the  specific  gravity  of  the  surface  rocks 
averages  about  2*5,  that  of  the  whole  globe  reaches  5'5. 

It  may,  perhaps,  be  diffidently  suggested  that  in  a  molten  mass 
there  would  be  a  tendency  to  lessen  the  effect  of  differential  con- 
traction by  a  rearrangement  of  material  in  such  a  way  that  each 
successively  smaller  shell  should  have  a  greater  coefficient  of  ex- 
pansion to  recompense  it  for  a  smaller  loss  of  temperature. 

Further,  the  effect  of  gravity  upon  such  a  molten  mass  would  be 
to  cause  the  accumulation  of  the  heavier  material  towards  the  centre. 

These  two  causes — the  effect  of  gravitation  on  a  molten  mass 
and  the  subsequent  effects  of  contraction — must  be  looked  to  as 
furnishing  a  probable  cause  of  increased  density  in  the  interior. 

To  the  compressing  force  of  contraction  we  must  also  look  for 
an  explanation  of  the  fact,  established  by  astronomy,  that  the  whole 
globe  is  solid.  For,  judging  by  the  increase  of  temperature  towards 
the  centre,  the  rocks  of  the  interior  must  be  far  above  their  melting 
point,  and  can  only  be  prevented  from  melting  by  subjection  to 
great  pressure. 

It  must  be  doubted  whether  superincumbent  pressure  can  have 
any  great  effect ;  for,  were  the  whole  globe  composed  of  concentric 
homogeneous  ellipsoidal  shells,  each  such  shell  of  gravitating  matter 
must  be  necessarily  self-supportive,  and  could  only  exert  pressure 
vpon  the  interior  by  undergoing  oonli&Qlvon. 
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So  far  we  have  reasoned  as  if  tbe  whole  globe  were  made  up  of 
homogeneous  shells.  But  the  crust  is  composed,  and  has  been  so 
throughout  all  geological  time  of  which  we  have  any  accurate 
knowledge,  of  rocks  differing  greatly  in  their  capabilities  of  ex- 
pansion and  contraction ;  and  further  the  greater  part  of  the  crust 
has  its  temperature  determined  by  earth-heat,  or  in  other  words 
possesses  heat  which  it  must  be  gradually  losing.  It  is  consequently 
important  to  obtain  some  idea  of  what  would  occur  during  the 
cooling  of  a  large  heated  mass,  where  outer  shells  were  composed 
of  materials  with  different  coefficients  of  expemsion. 

The  first  effect,  caused  by  the  cooling  of  the  outermost  shell,  will 
be  to  produce  a  pressure  upon  the  interior;  but  the  strain  thus  set 
up  in  the  outer  shell  will  be  gradually  relieved  by  the  splitting 
permitted  between  materials  of  different  powers  of  contraction. 

Thus  the  outermost  shell  will  consist  of  a  great  number  of 
slightly  disjointed  portions.  This  process  will  be  continued 
throughout  the  oooling  of  the  outer  heterogeneous  shells.  When 
the  interior,  supposed  homogeneous,  begins  to  contract,  the  dis- 
jointed parts  of  the  outer  shell  will  be  brought  closer  together  to 
accommodate  themselves  to  a  smaller  area — a  movement  of  which 
they  will  always  be  capable  without  the  formation  of  folds  or  rucks, 
since  the  loss  of  temperature  is  necessarily  greater  the  nearer  the 
surface. 

Applying  this  reasoning  to  the  contraction  of  the  crust  of  the 
earth,  it  seems  probable  that  jointing  must  ensue  iu  the  manner 
described  above  in  all  such  rocks  as  have  heat  to  lose.  We  do  not, 
however,  maintain  that  this  is  the  only  way  in  which  such  splitting 
can  be  brought  about,  for,  no  doubt,  the  shrinking  from  loss  of 
moisture  has  always  been  a  very  effective  cause. 

We  will  now  attempt  to  obtain  some  estimate  of  the  amount  of 
jointing  necessary  in  order  that  the  outer  shells  may  follow  a  con- 
tracting interior.  Let  us  assume  a  shell  at  the  depth  of  a  few  miles 
to  have  its  temperature  diminished  10^,  and  further,  let  us  suppose 
that  this  contraction  is  unresisted  by  a  more  slowly  contracting 
interior. 

For  the  purposes  of  actual  calculation  let  us  suppose  the  material 
of  which  the  shell  is  composed  to  have  a  coefficient  of  linear  con- 
traction equal  to  -00001174  (this  is  the  coefficient  of  sandstone, 
which  is  intermediate  between  the  coefficients  for  cast  and  wrought 
iron,  and  is  greater  than  that  for  marble).  From  these  data  the 
contraction  of  one  mile  is  found  to  be  7*2  inches.  This,  then, 
is  the  amount  by  which  one  mile  length  of  the  next  overlying 
layer  must  be  able  to  contract  to  avoid  rucking  up. 

Putting  this  statement  into  another  form  ;  every  yard  of  shell 
just  overlying  the  contracting  interior  must  be  capable  of  shrinking 
jH  of  an  inch  to  avoid  rucking.  The  amount  required  at  the 
surface  will  not  appreciably  exceed  the  above  amount;  for,  if  we 
imagine  contraction  to  take  place  at  a  depth  of  five  miles,  the 
required  amount  of  shrinking  in  each  yard  of  arc  at  the  surfaoe  will 
be  approximately  HJ*  X  tJc^  of  an  inch. 
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It  would  seem  that  there  could  be  no  difficulty  in  assuming 
sufficient  separation  space  in  all  known  rocks  to  allow  of  this 
extent  of  approximation.  But  the  case  is  in  reality  much  stronger 
than  appears  in  the  above  figures,  for  we  have  assumed  no  con- 
traction to  go  on  in  any  of  the  overlying  rocks,  whereas  contraction 
must  be  in  progress  in  all  those  rocks  whose  constant  temperature 
exceeds  the  mean  average  surface  temperature,  and  this  at  a  faster 
rate  than  in  the  underlying  interior,  with  the  result  that  the 
separation  spaces  throughout  the  overlying  shells  are  being  increased 
so  as  to  allow  of  additional  approximation. 

There  would  seem,  then,  no  difficulty  in  accepting  the  idea  that 
the  crust  will  in  general  follow  the  contracting  interior  and  not 
be  thrown  into  folds,  but  will  accommodate  itself  to  a  smaller  area 
by  the  closer  approximation  of  its  component  parts. 

More  space  has  been  spent  in  considering  this  point  than  would 
perhaps  seem  necessary ;  but  the  theory  has  very  generally  been 
accepted  that  corrugations  are  caused  by  the  shrinking  away  of  a 
contracting  nucleus  from  a  consolidated  non-contracting  orust.^ 

It  will  be  well,  consequently,  to  examine  what  amount  of  corru- 
gation could  be  produced  on  the  supposition  that  the  crust  is 
non-contracting  and  incapable  of  accommodating  itself  to  a  smaller 
area.  The  interior  is  imagined  to  shrink  away,  but,  by  the  action 
of  gravity,  the  heavier  areas  of  the  heterogeneous  crust  are  retained 
in  contact  with  the  shrinking  nucleus.  It  follows,  on  the  hypothesis 
of  an  incompressible  crust,  that  the  intermediate  portions  will  be 
thrown  into  folds. 

Employing  the  same  data  as  before,  and  further  assuming  that  the 
two  areas,  which,  owing  to  the  effects  of  gravity,  sink  with  the  con- 
tracting nucleus,  are  1000  miles  apart,  we  find  by  an  easy  calculation 
that  the  greatest  possible  height  to  which  the  under  surface  of  the 
intermediate  portions  of  the  crust  could  rise  is  less  than  6000  feet 

This  is  on  the  assumption  that  the  crust  is  bent  into  two  planes 
meeting  above  the  middle  point  of  the  contracting  arc.  Again,  since 
we  cannot  suppose  the  contracting  nucleus  to  lie  many  miles  beneath 
the  surface,  this  maximum  elevation  will  not  be  sensibly  increased 
at  the  surface  itself.  It  is  very  important  to  point  out  the  favourahle 
exaggeration  involved  in  the  data  employed  in  the  above  calculation. 

In  the  first  place,  owing  to  resistance  from  within,  no  shell  could 
contract  to  its  full  extent ;  secondly,  a  fall  of  10°  would  represent 
an  enormous  loss  of  heat  in  the  interior ;  again,  it  is  improbahle 
that  the  two  areas  which  sink  with  the  nucleus  could  be  so  far 
apart ;  and  lastly,  that  the  crust  should  be  thrown  into  the  form 
supposed  is  utterly  impossible,  and  at  variance  with  the  structure 
of  all  known  mountain  systems. 

One  further  point  in  regard  to  this  theory  : — 

Since  the  effect  of  the  shrinking  interior  must  be  to  draw  closer 
together  those  portions  of  the  crust  which  are  in  contact  with  it, 
the  force  between  any  two  portions  of  the  earth's  crust  must  be  one 

^  A  discussion  of  the  later  theory  of  Mr.  Mellard  Eeade  is  contained  in  Part  II. 
of  this  paper. 
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of  compression.  Thus  any  relief,  sought  for  by  the  breaking  of 
the  crust,  can  only  be  found  in  the  pushing  of  one  portion  over 
the  other;  that  is  to  say,  in  the  production  of  reversed  faults. 
Normal  faults  could  find  no  place  as  consequences  of  such  a 
system  of  earth  movement 

To  pass  on  now  to  give  what  we  think  to  be  a  possible  and 
adequate  explanation — 

Let  us  suppose  that  some  large  area  on  the  earth's  surface  is  at 
considerably  less  distcuice  from  the  centre  than  the  surrounding 
regions,  and  that  furthermore  the  surface  rocks  in  such  an  area  are 
maintained  at  a  very  low  temperature.  It  follows  that  under  such 
an  area  the  surfaces  of  equal  temperature  will  be  at  once  more 
numerous  and  more  crowded  than  under  the  surrounding  regions — 
more  numerous  because,  the  surface  being  kept  at  a  lower  mean 
temperature,  the  range  of  temperature  from  the  interior  to  tlyd 
surface  is  greater  and  more  crowded  because  the  distance  from  the 
centre  to  any  point  of  our  hypothetical  area  is  less  than  in 
the  surrounding  areas.  In  this  case  the  distance  between  two 
points  in  the  same  radius,  having  stated  temperatures,  will  be  less 
than  in  the  regions  surrounding  the  area.  In  consequence,  the 
transference  of  heat  from  one  point  to  the  other  will  be  greater ; 
or  in  other  words  the  loss  of  heat  will  be  greatest  under  the 
depressed  area.  Thus  beneath  such  an  area  contraction  will  proceed 
at  a  faster  rate. 

In  this  place  we  wish  to  point  out,  once  for  all,  that  we  shall 
simply  consider  the  effects  of  contraction  upon  the  nucleus  which 
we  imagine  to  be  practically  homogeneous  at  equal  distances  from 
the  centre.  We  shall  further  a88ume  that  the  overlying  crust,  being 
formed  of  heterogeneous  materials,  will  follow  a  sinking  interior 
without  any  rucking,  for  the  reasons  given  at  length  above. 
This  distinction  in  geneity  between  crust  and  nucleus  probably 
means  no  more  than  that  the  materials  composing  the  originally 
homogeneous  surface  shells  have  been  rearranged  by  agencies,  with 
which  we  are  not  now  concerned,  to  form  a  heterogeneous  crust 
It  will  further  appear,  on  carefully  considering  the  areas  under 
discussion,  that  the  thickness  of  the  crust  may  be  considered  to  be 
at  least  small. 

From  the  faster  contraction  which  we  have  shown  must  take  place 
under  such  an  area,  two  results  necessarily  follow.  In  the  first 
place  there  will  be  a  great  strain  upon  the  rocks  bordering  upon  the 
depressed  area,  since  the  tendency  of  contraction  must  necessarily 
be  to  draw  them  closer  together.  The  effect  of  this  strain  will 
necessarily  be  in  the  direction  of  lessening  the  rapidity  of  descent 
from  the  elevated  to  the  depressed  areas,  and  in  this  attempt 
pressure  will  be  produced  on  the  underlying  rocks.  Secondly, 
on  account  of  this  very  resistance  to  contraction,  any  arc  traced 
on  the  area,  being  in  the  form  of  a  broad  arch,  whose  centre 
is  approximately  the  centre  of  the  earth,  will  in  attempting  to 
contract  bend  inwards  so  as  to  lessen  its  curvature,  and  consequently 
shorten  its  length.     In  performing  such  a  movement,  the  underl^in^ 
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material  wil]  be,  so  to  speak,  sqaeezed  oat,  and  this  will  cause  a 
real  transfer  from  under  the  sinking  area  to  beneath  the  surrounding 
regions.  We  may  reasonably  ezpeot  great  oompression,  contortion, 
and  plication  to  accompany  such  a  movement.  Such  transference 
must  cause  real  elevation  of  the  surrounding  regions  in  addition 
to  the  relative  elevation  due  to  depression  of  the  sinking  districts. 

That  this  theory  would  be  adequate  to  account  for  the  present 
height  of  mountains  seems  very  probable  from  the  following 
considerations.  The  simple  fact  that  a  large  area  is  depressed,  and 
therefore  the  sea-level  brought  nearer  the  centre  of  the  earth, 
implies  the  raising  of  the  undepressed  parts  above  it.  Due  to  this 
cause,  we  obtain  the  same  maximum  height  as  was  found  possible 
under  the  theory  referred  to  above. 

In  the  second  place,  actual  transfer  of  material  from  under  the 
sinking  area  must  add  still  more  to  the  elevation  caused  by  relative 
displacement. 

Lastly,  we  have  the  important  fact  that  the  rate  of  contraction 
beneath  such  areas  is  far  in  excess  of  the  average  under  neighbouring 
areas,  and  that  this  rate  is  maintained  by  the  continual  contraction 
of  fresh  portions  of  the  heated  interior,  brought  into  contact  with 
the  cold  outer  layers  by  the  squeezing  out  of  intermediate  material 

The  material  thus  pressed  out  from  under  the  contracting  shell-caps 
and  forced  beneath  the  surrounding  regions,  will  exert  an  additional 
strain  upon  the  overlying  crust,  which,  as  explained  above,  has 
already  been  stretched  by  the  contraction  itself.  In  this  process  it 
is  quite  conceivable  that  great  metamorphism  will  result  from  the 
movement  under  enormous  pressure.  But,  so  long  as  this  pressure 
is  unrelieved,  no  igneous  rocks  could  possibly  be  generated;  for, 
though  no  doubt  the  compression  will  raise  the  rocks  upon  which 
it  acts  to  a  temperature  far  above  their  melting  point,  any  increase 
of  volume  which  melting  would  imply  will  be  strenuously  resisted. 

Two  extreme  cases  must  now  be  discussed  : — 

First :  suppose  the  change  from  elevated  to  depressed  areas  to  be 
spread  over  a  large  space  and  to  be  uniformly  slow.  In  this  case, 
the  strain  upon  the  overlying  rocks  will  be  spread  over  a  very  large 
area,  and  there  will  be  no  lines  of  special  weakness.  Here,  then, 
we  should  not  expect  the  crust  to  split  right  through  at  any  point, 
but  rather  that  it  would  suffer  an  uniform  extension  by  the  extension 
and  development  of  local  separation  spaces,  and  in  this  way  very 
gradually  relieve  the  state  of  tension.  Tliis  gradual  relief  from 
pressure  might  be  sufficient  to  slowly  melt  the  underlying  materials, 
which,  when  first  brought  into  the  position  contemplated,  mast 
have  been  under  so  great  a  pressure  as  to  be  raised  above  their 
melting  point 

The  slowness  of  the  action  would  ensure  the  production  of  a  holo- 
crystalline  igneous  rock. 

Secondly  :  suppose  the  change  from  elevated  to  depressed  areas 

to  be  very  rapid.     Here  we  have  special  lines  of  weakness  afforded 

by  sudden  bends,  and  the  probability  seems  to  be  that  at  such  points 

the  crust  would  be  unable  to  withstand  the  total  strain  and  would 

split  right  through* 


A,  Vaughan — Corrugation  of  the  Earth* %  Surface.        269 

The  portion  nearest  the  sinking  area  would  thus  be  drawn  away 
from  the  rest  of  the  orust,  which  would  be  raised  to  a  higher  level 
by  the  pressure  from  below.  In  this  way  a  normal  fault,  or  succes- 
sion of  such  faults,  would  be  brought  about. 

Again,  the  sudden  relief  from  great  pressure  caused  by  this  means, 
when  the  underlying  rooks  are  far  above  their  melting  point,  would 
result  in  their  sudden  melting.  The  very  high  temperature  at  which 
this  melting  may  be  supposed  to  be  produced  will  necessarily  ensure 
very  complete  liquefaction,  and  aided  partly  by  the  pressure  from 
below,  and  partly  by  the  increase  in  volume  due  to  melting  itself, 
the  molten  material  will  be  exuded  through  the  clefts  formed  in  the 
broken  crust,  to  rise  to  the  surface  in  a  flow  of  lava.  Further,  the 
rupture  of  the  crust  would  certainly  cause  an  earthquake,  and,  as 
we  have  shown,  it  would  be  natural  to  expect  depression  or 
elevation  to  be  a  consequence.  That  earthquakes  are  often  followed 
by  such  phenomena  is  well  known. 

Again,  the  greatest  pressure  being  between  the  stretched  crust 
and  the  upward  forced  interior,  the  depth  at  which  earthquakes 
would  be  generated  on  this  theory  seems  to  accord  well  with 
observed  results.  It  merely  remains  now  to  point  out  where  such 
areas  as  we  have  considered  exist,  and  to  illustrate  the  effects  of 
the  theory  by  well-known  examples.  In  the  first  place  the  earth 
is  flattened  at  the  Poles,  so  that  each  Pole  is  about  thirteen  miles 
nearer  the  centre  than  any  point  in  the  equator.  Again,  the  Polar 
regions  have,  for  vast  ages,  been  covered  by  ice,  so  that  the  ground 
is  constantly  frozen  far  below  the  surface ;  also  the  change  is  very 
gradual  from  elevated  to  depressed  areas. 

We  should  expect  then  that  the  Polar  regions  themselves  are 
sinking,  but  that  the  neighbouring  regions  are  rising,  and  that  this 
should  be  an  effect  spread  over  large  areas.  These  facts  seem  to  be 
in  accord  with  the  observations  that  whilst  Greenland  is  found  to 
be  sinking,  Norway  is  rising. 

A  suggestion  may  here  be  thrown  out  as  to  a  possible  explanation 
of  the  events  supposed  to  have  occurred  during  the  Glacial  epoch. 

Before  the  Glacial  period  there  is  evidence  that  the  British  Isles, 
as  a  whole,  were  above  sea-level ;  but  that  during  the  period 
Bubsidence  took  place  and  that,  after  its  departure,  the  Islands 
again  rose.  This  seems  to  be  in  entire  agreement  with  what  the 
above  theory  would  require.  During  the  period  of  great  cold,  lasting 
for  an  enormous  time,  the  ground  must  have  been  frozen  to  great 
depths,  as  is  proved  by  borings  in  Siberia,  where  the  effects  are  still 
very  obvious  in  frozen  ground,  extending  to  several  hundred  feet. 
In  consequence  rapid  contraction  must  have  taken  place  beneath 
the  area,  together  with  the  transfer  of  material  from  below.  These 
two  causes  combined  must  have  drawn  the  area  down  to  below 
the  sea-level.  On  the  termination  of  the  period,  the  Polar  regions 
niuHt  again  have  become  the  principal  area  of  subsidence,  resulting 
Id  the  gradual  upheaval  of  the  neighbouring  regions,  as  evidenced 
by  the  raised  beaches  of  Norway  and  Scotland  which  characterized 
the  post-Glacial  period. 
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The  second  class  of  areas,  which  satisfy  the  conditions  of  oor 
theory,  are  the  deep  ocean  floors.  Here  we  have  depressed  areas 
surrounded  by  more  elevated  regions;  the  surface  layers  being 
maintained  at  a  very  low  temperatare,  as  determined  by  recent 
soundings.  These,  in  general,  afford  examples  of  the  case  in 
which  the  passage  from  elevated  to  depressed  areas  is  rapid.  We 
should  therefore  expect  to  find,  along  the  borders  of  such  areas, 
evidence  of  volcanic  phenomena.  It  is  sufficient  to  quote,  as  illus- 
trative examples,  the  vast  ring  of  volcanoes  which  surronnds  the 
Pacific  Ooean.  It  seems  also  specially  worthy  of  notice  that  Japan 
is  the  scene  of  continually  recurring  earthquakes.  Now  it  is  on 
the  borders  of  the  Pacific  in  the  neighbourhood  of  Japan  that  we 
find  the  most  rapid  passage  from  elevated  to  depressed  areas,  for 
here  is  the  deepest  depression  in  the  whole  ocean.  In  consequence, 
we  have  here  a  line  of  great  weakness,  and  should  expect  earth- 
quakes to  be  most  frequent  if  in  any  way  dependent  upon  the 
above  explained  cause.  As  a  last  point  of  agreement  with  the 
theory,  we  may  notice  Darwin's  theory  of  Coral  reefs  as  pointing 
to  the  comparatively  rapid  sinking  of  the  deep  sea  floors. 

In  conclusion,  a  few  words  may  be  said  upon  the  necessary  con- 
sequences of  the  truth  of  this  theory.  It  points  unmistakably  to 
the  permanence  of  continental  and  deep  sea  areas,  and  would 
indicate  that  the  tendency  has  always  been  to  deepen  and  render 
narrower  the  ocean  basins.  Perhaps,  also,  it  points  to  a  continual 
tendency  to  render  the  globe  more  elliptical  by  increasing  the 
flattening  at  the  Poles.  It  would  also  necessarily  follow  that  great 
elevations  could  only  take  place  on  the  borders  of  deep  ooeans,  or 
in  proximity  to  regions  of  prolonged  cold.  Lastly,  that  volcanic 
phenomena  may  be  expected  to  occur  along  the  coast  regions  of 
great  oceans. 

It  may  be  remarked,  as  a  necessary  deduction  from  the  first  of 
the  above  statements,  that  the  crust  covering  the  areas  with  which 
we  have  dealt  must  be  extremely  tliin,  and  that,  at  the  bottom  of  the 
deep  sea  basins,  we  should  expect  to  find  the  nearest  possible  approach 
to  the  primitive  crust. 

It  is,  of  course,  not  assumed  that  this  theory  is  applicable  to  all 
cases  of  subsidence  and  elevation  which,  when  local,  are  no  doubt 
due  to  much  less  potent  forces,  such  as  denudation  and  deposition. 

( To  be  continued.) 


VII. — On  thb  alleged  Conversion  of  Chlobite  into  Biotite  by 

Contact  Action. 

By  Lieutenant- General  C.  A.  McMahon,  F.6.S. 

I  HAVE  to  thank  Dr.  Callaway  for  the  courtesy  and  good-humour 
with  which  he  has  received  my  criticisms  on  his  paper  in  the 
December  Number  of  the  Geological  Magazine.     Would  that  all 
controversial  fencing  were  conducted  with  equally  well-tipped  foils. 
My  Roman   soldiers,  in   particular,  have   been  received   with  a 
kindness  that  reminds  me  of  the  friendly  meetings  of  the  British 
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and  French  officers  in  the  Peninsular  War  during  hrief  seasons  of 
armistice.  Indeed,  one  might  almost  go  so  far  as  to  say  that 
friendly  intercourse  with  these  Roman  cohorts  has  imbued  Dr. 
Callaway  with  a  taste  for  military  tactics,  and  has  inspired  him  to 
perform  a  masterly  change  of  front  under  cover  of  the  active  advance 
of  a  line  of  skirmishers. 

We  are  now  told  that  the  conversion  of  chlorite  into  biotite  is 
due  to  contact  action ;  indeed,  Dr.  Callaway  "  thinks  it  probable 
that  there  is  not  a  scrap  of  biotite  in  the  crystallines  of  the  Malvems 
which  has  been  produced  except  by  '  contact  action.*  "  I  am  glad 
that  this  fact  has  been  clearly  brought  out,  as  I  unfortunately 
received  the  impression  from  Dr.  Callaway's  paper — an  erroneous 
one  as  it  now  appears — that  the  conversion  of  chlorite  into  biotite 
was  considered  a  case  of  dynamo-metamorphism. 

I  cannot  attribute  this  misapprehension  altogether  to  my  own 
stupidity.  If  Dr.  Callaway's  language  had  been  more  precise,  and 
to  the  point,  T  should  not,  I  think,  have  fallen  into  this  error. 

My  criticism  was  expressly  confined  to  the  four  corners  of  Dr. 
Callaway's  paper.  In  that  paper  he  did  not  say  that  he  considered 
the  change  of  chlorite  into  biotite  a  contact  phenomenon.  He  did 
not  state  that  the  heat  required  to  convert  a  hydrous  into  an 
anhydrous  mineral  was  due  to  the  proximity  of  eruptive  granite; 
OD  the  contrary,  he  used  language  that  seemed  to  point  directly  to 
the  generation  of  heat  by  dynamic  agencies.  We  were  told  that 
"  the  temperature  of  raetamorphism  .  .  .  often  rose  to  the  point  of 
fusion  in  the  %hear  zones " ;  and  further  on  he  wrote,  "  where  the 
rock  is  slightly  crushed  [the  italics  are  mine],  and  there  are  no 
signs  of  rock-fusion  [the  fusion  depending  apparently  on  the 
amount  of  crushing],  there  is  decomposition  of  hornblende;  but 
when  there  is  intense  crushing  and  shearing ^  accompanied  by  a  high 
temperature,  reconstruction  sets  in  and  biotite  is  generated." 

If  Dr.  Callaway  wished  to  convert  petrologists  to  the  belief  that 
chlorite  is  converted  into  biotite  by  contact  action,  I  think  it  was 
unfortunate  that  he  did  not  expressly  say  so,  and  that  he  used 
language  that  seemed  to  indicate  a  belief,  on  his  part,  that  dynamic 
action  was  the  cause  of  the  conversion. 

Dr.  Callaway  goes  on  to  remark  :  **  It  would  therefore  appear 
that  General  McMahon  admits  the  conversion  of  chlorite  to  biotite 
by  contact  action ;  and  if  so,  I  want  to  know  why  he  opposes  my 
theory."  In  other  places  he  says  that  he  "  does  not  understand  my 
position,"  and  asks  me  to  "elucidate"  it.  I  trust,  therefore,  that 
1  may  be  pardoned  for  entering  into  a  discussion  on  this  point. 
I  shall  be  very  brief. 

I  did  not  admit  the  conversion  of  chlorite  into  biotite.  What  I 
said  was  :  "In  cases  of  contact  action  one  can  readily  understand 
bow  aqueous  acid  vapours,  or  liquids,  emanating  from  the  molten 
igneous  rock  under  high  pressure  penetrated  the  adjoining  rocks, 
and  carried  with  them  in  solution  some  of  the  constituents  of  the 
igneous  magma."  It  is  certainly  fair  to  imply  from  this  sentence 
that  I  admit  the  generation  of  biotite  by  contact  action.',  h\]X  \\i'd^ 
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IB  not  quite  the  same  ai  eaying  that  the  aeoondary  dark  mioa,  that 
owes  its  geneaia  to  oontact  action,  ia  ohlorite  oonverted  in  §Um  into 
biotite. 

I  may  aay,  in  paaaing,  that  I  do  not  deny  the  pownhiliUf  of  the 
oonvenion  of  chlorite  into  biotite;  bat  if  thia  prooeaa  really  does 
take  place  it  mnat  be  a  very  ooroplez  one ;  and  it  doea  not  follow 
from  the  admisaion  that  the  thing  ia  pogtihU,  or  even  from  the 
farther  admisaion  that  it  may  oonoeivably  take  place  ocoaaionally, 
under  special  ciroum8tanoea»  that  I  believe  thia  prooeaa  to  be  the 
one  usually  adopted  by  nature. 

A  very  important  remark  waa  made  by  Mr.  Teall  at  p.  221  of  his 
BritiHh  Petrography  (see  also  the  footnote  at  p.  642  of  hia  paper  on 
the  Whin  Sill  in  the  Q.J.O.S.  vol.  xl.)  when  apeaking  of  the  intro- 
duction of  albite  into  rocks  altered  by  diabaae^  that  the  aeoondary 
mineral  waa  *'dne  to  the  actual  impregnation  of  the  aurrounding 
sediment  by  material  derived  from  the  eruptive  rocks."  > 

That  dark  mica  is  an  exceedingly  common  product  of  contact 
metamorphism,  in  basic  eruptive  rocks  altered  by  granite,  ia  known 
to  all  petrologists.  I  have  several  very  interesting  examples  of  this 
among  my  Himalayan  specimens,  and  I  have  described  one  in  the 
Eecords  of  the  Geological  Survey  of  India,  vol.  xix.  pp.  71-77. 
The  acceptance  of  a  dark  mica  (it  need  not  always  be  biotite), 
however,  as  a  contact  mineral,  does  not  necessitate  the  acceptance 
of  Dr.  Callaway's  theory.  We  are  naturally  led  to  ask.  Is  not  this 
mica  the  result  of  direct  impregnation  ?  Must  the  genesis  of  contact- 
mica  be  preceded  by  the  production  of  hydrous  chlorite  ?  For  U)at 
is  what  Dr.  Callaway's  theory  involves. 

It  would  not,  of  course,  convince  Dr.  Callaway  to  assert  that 
dark  contact-mica  may  often  be  found  in  rocks  which  do  not  contain 
chlorite,  because  he  might  allege  that  chlorite  was  there  in  the  finit 
instance  and  that  the  whole  of  it  had  been  manufactured  into  biotite. 

Our  courts  of  law,  in  the  difficult  task  of  weighing  evidence  aud 
of  deciding  which  of  two  conflictiug  witnesses  is  to  be  believed,  are 
very  much  guided  by  considering  the  probabilities  of  the  case.  This 
principle  is  also  a  most  valuable  one  in  helping  scientific  men  to 
decide  between  rival  hypotheses.  In  the  present  case  we  are  dealing 
with  the  contact  action  of  granite.  We  know  that  granite  must 
have  consolidated  at  a  considerable  distance  below  the  surface  of  the 
earth ;  and  that,  consequently,  a  long  period  (measured  in  geological 
time)  must  have  intervened  between  its  consolidation  and  its  ex- 
posure at  the  surface.  The  sinking  of  that  portion  of  the  earth's 
crust,  and  the  accompanying  deposition  of  new  strata,  must  have 
ceased ;  and  a  long  period  of  elevation  and  erosion  must  have  set  in. 
This  supposition  is  inevitable  if  we  have  to  account  for  the  removal 
of  some  20,000  or  30,000  feet  of  superimposed  strata,  and  the  exposal 
of  granite  at  the  earth's  surface. 

*  In  1883  I  remarked  with  reference  to  a  Himalayan  rock :  "  these  facts  appear 
to  me  to  indicate  that  the  rock  was  suhjected  to  two  different  processes  of  contact 
metamorphism ;  one  process — due  to  heat ;  .  .  .  .  whilst  the  second  process  was 
probably  the  injection  of  matter  from  the  ^rnmite  rock,  possibly  in  a  gaseona  or  liquid 
condition,  along  lines  that  followed  the  original  direction  of  lamination  or  olesTngv.*' 
Records,  G.S.L  toI.  xvi.  p.  137. 
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Whilst  this  granite  was  being  slowly  brought  to  the  surface,  the 
rocks  that  aooompanied  it  must  have  been  exposed  to  those  potent 
aqueous  agencies  which  effected  so  many  alterations  in  igneous 
rocks,  and  the  traces  of  which  petrologists  see  in  almost  every  slice 
of  basic  rock  examined  under  the  microscope. 

The  Malvern  basic  rocks  cannot  have  escaped  the  ravages  of  those 
aqueous  agencies.  Is  it  not  far  more  probable  then  that  the  chlorite 
found  in  those  metamorphosed  rooks  was  produced  by  aqueous 
i^encies  after  the  formation  of  the  biotite  by  contact  action,  than 
that  the  chlorite  was  formed  before  the  eruption  of  the  granite; 
and,  like  Shadrach,  Meshach,  and  Abed-nego,  escaped  absolutely 
unsinged  from  the  burning  fiery  furnace  of  contact  metamorphism 
that  converted  their  fellows  from  hydrous  into  anhydrous  minerals  ? 

I  do  not  think  it  is  necessary  to  suppose  that  the  chlorite  in  the 
Malvern  crystalline  rocks  was  derived  from  biotite;  it  may  have 
been  derived  from  some  of  the  other  minerals  in  the  rocks.  But, 
on  the  other  hand,  the  conversion  of  dark  mica  into  chlorite  would 
not,  I  think,  present  much  difficulty  to  a  petrologist  who  knows 
the  story  of  the  conversion  of  olivine  and  augite  into  serpentine. 
The  passage  of  micas,  such  as  biotite  and  phlogopite,  into  members 
of  the  vermiculite  group  ("  closely  related  to  the  chlorites ")  is 
recognised  by  Dana  (System,  6th  Edn.  p.  664).  If  phlogopite,  a 
magnesian  mica  *'  near  biotite,"  can  be  altered  into  serpentine 
(Dana,  ih,  p.  634)  there  is  no  difficulty  in  believing  that  biotite, 
or  a  dark  mica  allied  to  that  mineral,  can  be  converted,  in  the  wet 
way,  into  a  mineral  of  the  chlorite,  or  vermiculite,  groups. 

In  the  case  of  basic  rocks  containing  magnesian  minerals,  there 
would  be  no  difficulty  in  accounting  for  the  accession  of  additional 
magnesia — the  magnesian  minerals  undergoing  decomposition  would 
supply  that. 

Dr.  Callaway  gives  34  per  cent,  as  the  average  proportion  of 
magnesia  in  chlorite ;  and  the  actual  analyses  of  biotite  {vide  Dana) 
give,  in  some  cases,  proportions  as  high  as  28  per  cent.,  and  in  the 
case  of  phlogopite  as  high  as  29  per  cent.  Very  little,  if  any, 
magnesia  would  therefore  be  required  for  the  conversion  of  a  mica 
rich  in  magnesia  into  chlorite.  I  say  "if  an}',"  because  Dr. 
Callaway's  figures  confessedly  represent  the  average  proportion. 
In  actual  analyses  it  varies  greatly  and  sometimes  falls  below  the 
average  ;  and  further  the  removal  of  portions  of  the  other  bases 
(a  necessary  part  of  the  process)  would  alter  the  proportion  of 
magnesia  to  the  bases  that  remained. 

In  conclusion  I  think  it  desirable,  with  reference  to  Dr.  Callaway's 
remarks,  to  reinsist  on  the  distinction  to  be  drawn  between  an 
observed  fact  and  a  hypothesis  advanced  to  explain  a  fact  The 
fact  actually  observed  is  the  existence  of  chlorite  and  biotite  in  the 
same  rock.  Dr.  Callaway  explains  this  by  one  hypothesis ;  I 
explain  it  by  another.  I  submit  that  he  is  not  entitled  to  allege 
that  the  conversion  of  chlorite  into  biotite  is  an  observed  fact — 
any  kaleidoscopic  brandishing  of  authorities  before  our  eyes  not- 
withstanding— until  he  has  shown  that  the  hypothesis  he  advocates 
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is  tbe  mode  actually  followed  by  nature;  and  tliat  the  hypotbeeis 
I  advocate  is  not  nature's  mode  of  action.  I  submit  tbat  when 
cblorite  and  biotite  are  found  together  in  tbe  same  rock,  under  the 
circumstances  stated  by  Dr.  Callaway,  that  it  is  more  in  harmony 
with  tbe  probabilities  of  the  case  to  believe  tbat  tbe  hydrous  chlorite 
was  created  by  aqueous  agencies  after  tbe  intrusion  of  the  granite 
than  to  believe  that  tbe  chlorite  was  created  before  the  intrusion ; 
that  tbe  biotite  was  formed  out  of  a  portion  of  the  cblorite;  and 
that  during  the  long  ages  tbat  succeeded,  aqueous  agencies  (contrary 
to  our  ordinary  experience)  either  had  no  access  to  these  rocks,  or 
tbat  (contrary  to  their  known  habit)  they  altogether  failed  to  form 
any  chlorite  out  of  the  unstable  basic  minerals  exposed  to  their 
ravages. 


I^  E  V  I  E  ^W  S. 

L  —  Pktkr  Krdpath  Museum,  MoGill  Univkrsitt,  Montreal^ 
October,  1893.  The  Canadian  Joe- Age;  being  Notes  on  the 
Pleistocene  Geology  of  Canada,  with  especial  reference  to  the 
Life  of  tbe  Period  and  its  Climatal  Conditions,  and  Lists  of 
the  Specimens  in  tbe  Museum.  By  Sir  J.  William  Dawson, 
C.M.G.,  LL.D.,  F.R.S.,  F.G.S.,  etc.  8vo.  pp.  301,  with  25  Illus- 
trations. (Montreal,  William  V.  Dawson ;  New  York,  Scientific 
Publishing  Company.     1893.) 

SIR  WILLIAM  DAWSON  states  tbat  for  thirty  years  be  baa 
aspired  to  make  Canada  as  typical  a  region  for  the  study  of 
tbe  Pleistocene  period,  as  Sir  William  Logan  made  it  typical  for 
tlie  Laurenti^i  rocks.  His  guiding  principles  are  briefly  expressed 
in  convictions  tbat  the  phenomena  of  the  Glacial  period  are  to  be 
explained  by  more  active  and  extensive  operation  of  tbe  ordinary 
causes  still  existing  in  more  northern  regions ;  that  there  has  not  at 
any  time  been  a  Polar  ice-cap  or  great  continental  ice-sheets ;  and 
that  the  astronomical  theory  of  glacial  cold  is  incapable  of  fully 
explaining  the  facts ;  but  that  the  cold  climate  was  mainly  a  result 
of  geographical  conditions  involving  a  different  distribution  of 
ocean  currents,  and  extreme  local  evaporation  and  condensation, 
giving  rise  to  local  glaciers  of  great  volume  and  to  floating  ice. 
It  is  inferred  tbat  iJbe  close  of  the  Glacial  period  cannot  have 
antedated  by  many  oenturies  or  milleniums  the  first  appearance 
of  man  as  known  in  history. 

The  book  is  divided  into  seven  chapters.  The  first  chapter  is 
chiefly  a  series  of  quotations  mainly  from  tbe  author's  writings, 
chofien  to  illustrate  tbe  principles  with  which  be  starts. 

The  second  chapter  discusses  tbe  succession  of  deposits;  which 
comprise  a  Lower  Boulder-clay,  with  some  travelled  boulders  and 
a  few  Arctic  shells ;  succeeded  by  the  Lower  and  Upper  Leda-day, 
with  marine  shells  and  drift-plants;  and  an  Upper  Boulder-day. 
including  sand  with  Saxicava  and  gravel.  These  deposits  are 
found  in  the  Lower  St  Lawrence,  the  north  shore  of  Lake  Ontario, 
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And  the  Belly  River  in  the  North-west  Territory.  Beneath  the 
Lower  Boulder-clay  the  Palsaozoio  rocks  are  glaciated ;  and  s trice 
and  boulders  alike  indicate  movement  from  north-east  to  south-west, 
from  the  Atlantic  up  the  valley  of  the  St.  Lawrence.  The  Boulder- 
clay,  which  by  damming  the  more  ancient  valleys,  forms  the  basins 
of  the  great  Canadian  lakes,  is  of  similar  character  to  the  material 
of  the  Missouri  ooteau  or  prairie  escarpment  of  the  west,  which  is 
regarded  as  the  deposit  at  the  margin  of  a  sea  laden  with  floating 
ice.  The  Lower  Leda-clay  is  like  the  deposits  now  forming  beneath 
the  ice  in  Baffin's  Bay  and  the  Spitzbergen  Sea.  But  the  Upper 
Leda-clay  appears  to  indicate  more  temperate  conditions,  since  nearly 
all  its  fossils  have  been  dredged  in  the  Gulf  of  St.  Lawrence ;  and 
the  land  plants  which  it  yields  still  live  on  the  north  shore  of  the 
St  Lawrence.  Some  of  the  Leda-clays  occur  600  feet  above  sea- 
level,  while  the  beds  include  littoral  gravels  and  sand,  so  that 
considerable  changes  of  level  are  associated  with  their  depositioo. 
Subsequently  extensive  local  glaciers  clothed  the  Appalachian  chain 
in  the  east,  and  the  Cordilleran  region  of  the  west,  where  the 
deposits  have  been  especially  investigated  by  Dr.  G.  M.  Dawson, 
and  are  regarded  as  indicating  as  great  an  elevation  of  land  during 
the  Upper  Boulder-clay  as  was  attained  during  the  Lower  Boulder- 
clay.  Only  when  the  Cordilleran  region  was  at  its  maximum 
elevation  the  region  of  the  great  plains  experienced  a  correlative 
subsidence  and  submergence;  while  the  intervening  subsidence 
between  the  two  glaciations  of  the  Cordilleran  region  is  associated 
with  the  elevation  of  the  plains,  which  led  to  the  formation  of  great 
lakes  in  which  inter-Glacial  deposits  and  peat  were  formed.  The 
second  elevation  of  the  west  was  followed  by  a  partial  subsidence 
to  a  level  of  about  2500  feet,  with  a  long  stage  of  stability  during 
which  white  muds  were  deposited,  and  when  the  renewed  elevation 
took  place  the  shore-line  stood  about  200  feet  lower  than  at  present. 

The  Lower  Boulder-clay  over  a  great  part  of  Canada  is  thickly 
packed  with  boulders ;  though  in  Triassic  and  Upper  Carboniferous 
areas  it  becomes  an  incoherent  sand.  The  stones  are  often  scratched 
and  grooved.  They  are  mostly  from  the  neighbouring  rock- 
formations.  In  the  lower  valley  of  the  St.  Lawrence  they  are 
chiefly  Laurentian  gneiss  from  the  north-east.  The  clay  fills  up 
valleys  and  depressions,  and  is  thin  or  absent  on  the  high  ground. 
The  striations  beneath  the  Boulder-clay  in  New  £ngland  run  to 
the  south-east,  but  there  is  also  a  south-west  direction,  a  south 
direction,  and  occasionally  the  strias  are  east  and  west.  The  north- 
east to  south-west  direction  is  attributed  to  the  Arctic  current, 
especially  when  associated  with  marine  organisms.  But  where  the 
striso  are  upon  mountains  they  are  attributed  to  land -ice.  Thus,  on 
the  south  of  the  St.  Lawrence,  the  Notre  Dame  Mountains  show 
BtrisB  which  descend  south  towards  the  Baie  des  Chaleurs,  and  north 
towards  the  St.  Lawrence.  The  phenomena  indicate  oscillations 
in  level  of  the  land. 

The  excavation  of  the  basins  of  the  great  American  lakes  in  the 
softer  members  of  Silurian  and  Devonian  formations  is  said  to  be 
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obviously  due  to  atmospherio  and  river  erosion  during  tbe  Pliocene 
period,  supplemented  by  the  flow  of  oold  ocean  currents  over  the 
American  land  during  submergence ;  so  that  the  lake  basins  are 
of  the  same  nature  as  the  deep  hollows  which  prolong  the  mouths 
of  American  livers  beneath  the  ocean  along  the  American  coast 

The  third  and  fourth  chapters  discuss  the  physical  and  climatal 
conditions  of  the  Glacial  period  in  Canada. 

Drawing  a  map  of  North  America  in  the  Pleistocene  period,  Sir 
William  Dawson  commemorates  some  of  his  contemporaries  by 
giving  their  names  to  physical  features  of  the  period.  *'  The  great 
southern  bay  at  the  bottom  of  which  lies  the  'terminal  moraine' 
may  bear  the  name  of  Dana;  the  strait  leading  to  the  north-east, 
where  the  St  Lawrence  now  flows,  maybe  Upham  Strait ;  the  great 
western  opening  may  well  be  called  Chamberlain  Sound ;  and  the 
northern  bay  filled  with  ice,  in  the  region  now  occupied  by  Hudson's 
Bay,  may  be  the  Gulf  of  Wright  The  great  islands  will  be 
respectively  Cordilleran  and  Laurentide  lands,  fit  companions  to 
Greenland ;  and  the  smaller  eastern  island,  Appalachia  Infelix. 

But  although  the  author  uses  the  expression  '*  terminal  moraine, 
he  urges  that  the  existence  of  an  ice-sheet  which  could  have  formed 
it  is  a  physical  impossibility,  because  there  could  not  be  sufficient 
evaporation  and  precipitation  to  aflbrd  the  necessary  snow  in  the 
interior ;  and  secondly,  because  there  is  evidence  of  a  depression 
which  admitted  Arctic  currents  through  gaps  in  the  Laurentian 
watershed,  and  down  the  great  plains  between  the  Laurentian  area 
and  the  Rocky  Mountains,  as  well  as  into  the  valley  of  the  St 
Lawrence.  This  does  not  in  any  way  aflect  the  author's  belief  in 
the  great  local  glaciers  described  by  Dr.  G.  M.  Dawson,  which 
occupied  the  Cordillera  of  British  Columbia  and  discharged  into  the 
Yukon  Valley,  into  Puget  Sound,  and  into  the  Pacific.  The  former 
existence  of  glaciers  on  the  Laurentian  axis  is  accepted  on  the 
evidence  from  the  Notre  Dame  region  and  the  central  districts  of 
Newfoundland.  The  great  V-shaped  Laurentian  axis  is  stated,  on 
the  evidence  of  the  glacial  striae,  to  have  thrown  off  ice  on  the 
south-east  to  the  St  Lawrence  Valley,  and  to  the  south-west  towards 
the  great  plains,  and  to  have  poured  its  ice  into  the  interior  of 
Hudson  Bay  and  the  Arctic  Sea.  There  is  some  evidence  of  a 
terminal  moraine  along  the  middle  of  Hudson  Bay,  which  may 
have  belonged  to  the  inter-Glacial  period. 

The  striation  of  the  rocks  at  lower  levels  is  attributed  to  the 
grating  of  pebbles  included  in  shore-ice  upon  the  rocky  floor  beneath, 
as  the  ice  moved  with  the  tide ;  this  conclusion  being  based  mainly 
on  the  observations  of  the  late  Dr.  John  Rae  and  of  Captain  Feilden, 
in  the  Arctic  regions.  The  longitudinal  direction  of  the  sirm  is 
attributed  to  the  drifting  of  the  ice  backward  and  forward  with 
tidal  currents.  It  is  stated  that  the  striation  produced  by  the  sea 
is  always  accompanied  with  much  smoothing  and  polishing,  that  the 
striation  is  not  quite  uniform  in  direction  and  often  presents  two 
sets  of  striae,  while  land  glaciers  usually  produce  deep  grooves  as 
well  as   strise  which  are  more  uniform  in  direction.      It  is  fully 
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a<^mitted  that  it  may  be  diffioult  to  distinguish  the  effects  of 
grouDdiDg  icebergs  from  those  of  land-ice.  Charles  Darwin's 
theory  of  the  transport  of  boulders,  from  lower  to  higher  levels,, 
by  floating  ice,  on  a  subsiding  land,  affords  the  only  satisfactory 
explanation,  it  is  urged,  of  the  occurrence  of  erratics  in  Eastern 
Canada  at  a  higher  level  than  the  rocks  from  which  they  were 
derived.  Dr.  O.  M.  Dawson  is  quoted  as  stating  that  he  finds 
himself  in  agreement  with  Dr.  Hector  and  Dr.  Hayden  in  attributing 
the  gl€u;ial  phenomena  of  the  great  western  plain  of  Canctda  to  the 
action  of  floating  ice,  though  the  rounding,  striation,  and  polishing 
of  the  Lauren tian  plateau,  in  the  region  of  the  Lake  of  the  Woods, 
is  to  be  attributed  to  the  ice  of  glaciers.  Such  a  glacier,  covering 
the  Laurentian  uplands,  liberated  icebergs,  which,  depositing  boulders 
and  sediment,  formed  the  highlands  of  the  second  plateau,  including 
the  Touchwood  Hills,  Moose  Mountain  and  Turtle  Mountain.  The 
changed  climatal  conditions  are  regarded  as  mainly  attributable 
to  changes  in  the  level  of  land ;  and  it  is  believed  that  the  present 
climate  of  Canada  is  separated  from  that  of  the  Glacial  age  hy  one 
somewhat  warmer,  which  coincided  with  an  elevated  condition  of 
land.  The  date  of  the  Glacial  period  was  anterior  to  the  excavation 
of  the  Ni€igara  gorge,  which  is  estimated  to  have  required  from 
12,000  to  15,000  years. 

The  fifth  chapter  gives  a  summary  of  local  details  in  the  regions 
of  Canada  in  which  glacial  phenomena  have  been  observed ;  and 
the  sixth  chapter  is  an  account  of  the  fossils  found  in  the  deposits, 
illustrated  with  figures.     There  is  a  final  summary  of  conclusions. 

The  book  is  illustrated  with  useful  sections  and  woodcut  maps. 
Its  teaching  is  valuable  from  the  breadth  of  country  examined,  the 
variety  of  phenomena  considered,  and  the  breadth  of  view  which 
Seeks  to  explain  each  set  of  facts  by  causes  which  are  in  harmony 
with  the  physical  conditions  evidenced  in  the  several  regions  of 
Canada;  and  although  the  tone  of  the  book  has  more  that  of  an 
advocate  recapitulating  the  steps  of  his  exposition,  now  extending 
over  a  long  period  of  time,  than  may  be  necessary  in  an  impartial 
history  of  the  Ice-Age,  the  story  is  well  told,  interesting  in  every 
page,  and  forms  a  valuable  epitome  of  laborious  work. 

II. — Seoond  Expedition  to  Mount  St.  Elias,  in  1891.  By  Israel 
C.  Eussell,  United  States  Geological  Survey.  Extract  from  the 
Thirteenth  Annual  Report,  1891-92.  Pp.  91,  Maps  and  Plates 
iii.-xxi.  and  6  Figures.     (Washington,  1894.) 

fPHIS  Report  contains  the  observations  of  a  small  exploring 
V  expedition,  under  the  charge  of  Mr.  Russell,  which  re- 
visited in  1891  the  glaciated  regions  between  Mount  St.  Elias 
and  the  sea-coast  west  of  Yakutat  Bay,  in  Southern  Alaska.  One 
of  the  objects  of  the  expedition  was  to  attempt  to  reach  the  summit 
of  this  mountain,  but  the  difficulties  proved  too  great  and  no  higher 
elevation  than  14,500  feet  was  reached.  Many  valuable  and  im- 
portant observations  relating  to  the  structure  of  the  glacier,  its 
drainage,    the   nature  of   the    moraines,    and    other    points    were 
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obtained,  and  a  highly  graphic  desoription  of  these  features  is 
given  in  the  Eeport,  which  deserves  the  consideration  of  all 
interested  in  glacial  geology. 

Mount  St  Elias,  from  the  data  obtained  by  Mr.  Hnssell,  has  an 
elevation  of  about  18,100  feet.  It  is  the  highest  peak  of  a  mountain 
range  extending  westwards  from  Yakutat  Bay,  which  forms  the 
gathering  ground  of  an  immense  glacier,  known  as  the  Malaspina 
glacier.  The  front  margin  of  this  glacier  is  continuous  for  a 
distance  of  70  miles ;  it  covers  the  greater  part  of  the  area  of 
comparatively  low  ground,  from  20  to  25  miles  In  width,  which 
extends  from  the  base  of  the  mountains  southwards  to  the  coast  of 
the  Pacific,  llie  entire  area  of  the  glacier  is  estimated  at  1500 
Fquare  miles.  One  main  lobe  of  the  glacier  extends  into  the  open 
ocean  and  forms  magnificent  cliffs  of  ice,  which  are  undermined  by 
the  waves,  so  that  large  masses  break  off  and  give  rise  to  numerous 
icebergs.  Other  portions  terminate  before  reaching  the  coast  and 
from  their  margins  numerous  streams  issue,  highly  charged  with 
mud  and  gravel.  The  main  body  of  the  glacier  forms  a  vast  plateau 
of  ice,  the  surface  of  which,  at  about  five  or  six  miles  from  its 
outer  margin,  has  an  elevation  of  approximately  1500  feet  above 
the  sea ;  the  central  portion  is  of  clear  white  ice,  free  from  moraine 
and  generally  undulating.  It  is  traversed  by  countless  numbers  of 
crevasses.  This  clear  central  area  is  bounded  on  the  south,  that  is, 
in  the  direction  of  the  flow  of  the  glacier,  by  a  broad  dark  band  of 
boulders  and  stones,  known  as  the  **  barren  moraine,"  and  beyond 
this  belt  is  a  forest- cove  red  area,  in  some  places  four  or  five  miles  in 
width.  This  forest  region  appears  to  have  been  covered  by  trees 
for  a  long  period  of  time ;  they  principally  consist  of  spruces,  some 
reaching  three  feet  in  diameter ;  cotton-wood  trees ;  alders  from  20 
to  30  feet  in  height,  besides  a  considerable  variety  of  shrubs  and 
bushes,  and  an  undergrowth  of  rank  ferns ;  the  whole  forming  a 
mass  of  vegetation  so  dense  as  to  be  nearly  impenetrable,  and  in 
order  to  pass  through  it  a  trail  had  to  be  made  with  axes  and 
hatchets.  But  the  most  remarkable  fact  in  connection  with  this 
forest-belt  is  that  the  morainio  material,  on  which  the  trees  grow, 
actually  rests  upon  the  glacial  ice,  and  in  some  places  this  ice  beneath 
the  forest-covered  moraine  is  estimated  to  be  not  less  than  1000  feet 
in  thickness.  The  area  of  the  Malaspina  glacier  covered  by  forest 
is  probably  between  20  and  25  square  miles.  The  moraine  sup- 
porting the  forest  growth  consists  of  boulders,  earth  and  stones, 
which  cover  the  glacier  to  a  depth  of  not  more  than  3  or  4  feet 
as  a  rule.  It  only  differs  from  the  "  barren  moraine  "  in  having  a 
greater  proportion  of  finer  material  between  the  larger  stones  and 
in  the  presence  of  a  certain  amount  of  humus  derived  from  the 
vegetable  growth.  These  forests  only  occur  on  those  portions  of 
the  glacier  where  the  ice  appears  to  be  stagnant  and  without  motion. 
The  occurrence  of  this  forest-covered  moraine  resting  on  the  surface 
of  the  glacier  tends  to  throw  considerable  light  on  the  origin  of  the 
ice-cliffs  or  "  ground-ice  formation  "  along  the  northern  coasts  of 
Alaska,  in  which  the  solid  ice  is  overlaid  by  a  layer  of  clay  con- 
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taining  Mammoth  remains,  and  this  is  capped  by  a  peaty  layer 
supporting  the  vegetation  of  the  region. 

Another  peoaliar  feature  of  the  stagnant  margin  of  the  Malaspina 
glacier  is  the  presence  of  numerous  lakelets  from  30  to  60  yards 
in  width  and  bounded  by  steep  walls  of  ice  from  50  to  100  feet  in 
height.  These  lakelets  are  supposed  to  have  originated  by  the 
melting  back  of  the  walls  of  crevasses. 

Mr.  Russell  further  describes  the  geology  of  the  Chaix  Hills, 
a  range  from  8  to  10  miles  in  length  and  about  3000  feet  in  height, 
which  project  from  the  sea  of  ice  between  the  coast  and  Mount 
St  Elias.  The  strata  have  a  gentle  dip  to  the  north,  and  appear 
to  be  between  4000  and  5000  feet  in  thickness.  They  consist 
throughout  of  a  sandy  clay,  in  which  are  numerous  stones  and 
boulders,  up  to  8  feet  in  diameter ;  some  of  these  latter  are  polished 
and  striated.  In  the  finer  beds  molluscan  shells  occur,  belonging 
to  several  species  which  still  exist  in  the  adjoining  ocean.  These 
beds  are  evidently  formed  of  raorainic  materials  deposited  about 
the  extremity  of  a  glacier  which  terminated  in  the  ocean,  and 
similar  beds  are  probably  now  being  deposited  in  the  ocean  in 
front  of  the  western  lobe  of  the  Malaspina  glacier.  The  Samovar 
hills,  more  to  the  north-east  than  the  Chaix  range,  likewise  consist 
of  stratified  morainic  material.  Many  of  the  boulders  in  these 
deposits  are  of  various  kinds  of  crystalline  rocks,  which  must  have 
been  brought  from  the  north  by  glaciers.  This  great  thickness  of 
stratified  morainic  material,  originally  laid  down  beneath  the  sea, 
and  now  in  part  raised  to  an  elevation  of  over  3000  feet,  will  give 
an  idea  of  the  long  period  of  time  which  has  elapsed,  and  of  the 
great  physical  changes  which  have  taken  place  since  glaciers  first 
left  traces  of  their  movements  in  these  regions. 

The  maps  and  reproductions  of  photographs  which  accompany  the 
Heport  afford  realistic  pictures  of  the  salient  features  of  the  region 
described.  6.  J.  H. 

III. — Eleventh  Annual  Report  for  the  Year  1891  of  the  State 
Geologist,  Transmitted  to  the  Legislature  of  New  York, 
January,  1892.  By  Jambs  Hall,  State  Geologist.  With  an 
Illustrated  Handbook  of  the  Brachiopoda*  8vo.  pp.  300,  22 
Plates,  286  Woodcuts.  James  B.  Lyon,  State  Printer.  (Albany, 
1892.) 

AN  early  copy  of  the  Report  reached  us  last  month  —  a  delay 
in  publication  alike  unjust  to  the  authors,  and  a  loss  to 
the  scientific  public,  as  this  work  is  one  of  great  general  utility, 
comprising  the  first  part  of  a  new  illustrated  handbook  of  the 
Brachiopoda.  Besides  the  formal  Report  and  Catalogue  of  additions 
to  the  collections  of  the  State  Museum  of  New  York,  the  volume 
contains  a  list  of  the  types  and  figured  specimens  of  the  Crustacea  in 
the  palsBontological  collections,  and  a  paper  by  Prof.  John  M.  Clarke 
on  Cordania — a  proposed  new  genus  of  the  Trilobita — which  can  be 
no  longer  referred  to  Barrande's  misnamed  genus  Phaton,  to  his 
subsequently    substituted    Fhatonides,   nor    to   Corda's   PrinopelUi, 
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The  type  of  Cwrdania  is  Phatonides  eydurus.  Hall,  a  form  ''allied 
to  Proetua  in  the  structure  of  the  pygidium  and  thorax,  to  Oyphmpii 
in  the  cephalon  generally,  and  to  Arethusina  in  its  glabella  in 
particular/'  Its  occurrence  is  first  noted  in  the  Lower  Helderberg 
of  New  York,  with  an  upward  range  through  the  Hamilton  group 
of  strata. 

The  bulk  of  this  Report,  viz.  nearly  two*third8  of  the  text  of 
300  pages,  all  the  22  plates,  and  286  intercalated  woodcats,  many  of 
which  are  original  productions,  is  devoted  to  ''An  Introduction  to 
the  Study  of  the  Brachiopoda,'*  by  James  Hall,  assisted  by  John  M. 
Clarke,  and  dedicated  to  the  use  of  American  students.  It  forms 
not  only  an  epitome  of  toI.  viii.  part  i.  of  the  PalsBontology  of  New 
York,  with  a  general  elementary  introduction  preceding  the  dear 
and  concise  generic  definitions  well  suited  to  the  comprehension  of 
students  in  general ;  but,  in  fact,  the  new  handbook  combines,  so  far 
as  it  goes,  all  the  best  features  of  the  previous  more  technical  and 
restricted  summaries  of  Davidson,  Zittel,  and  G^hlert,  plus  the  great 
knowledge,  experience,  and  literary  facility  of  Hall  and  Clarke. 
Although  the  "  Report "  was  presented  to  the  Senate  of  New  York 
January,  1 891,  it  is  well  up  to  date,  and  references  to  varions 
important  observations  recorded  in  1893  are  not  lacking.  The  con- 
cluding part,  dealing  with  the  Spire-bearers,  Rhynchonelloids  and 
Terebratuloids,  it  is  stated,  will  be  ready  for  Press  in  October,  and 
will  not,  we  trust,  meet  with  any  untoward  delay  in  publication. 
Part  I.  treats  of  all  the  Inarticulata.  Paierina  inoladed,  and  of  the 
Articulata  from  the  Orthoids  to  the  Productoids,  and  affords  ample 
proof  of  its  value  to  students  as  an  authoritative  statement  of 
elementary  facts  concisely  presented  and  elaborated  and  explained 
by  excellent  illustrations  of  structural  characters. 

It  presents  all  the  essential  facts  of  the  general  history,  distribution, 
shell -structure,  and  anatomy,  with  such  details  of  embryological 
phases  as  are  needed  to  emphasize  the  importance  of  ontogeny  in 
clearing  up  obscurities  in  the  geological  and  genealogical  history  of 
the  class  in  general  and  of  genera  in  particular — such  a  manual, 
in  fact,  as  could  be  produced  only  by  an  expert  palaeontologist  of 
great  experience  like  James  Hall.  We  trust  further  handbooks  on 
other  invertebrate  groups  may  be  forthcoming  from  the  same  source. 

The  first  part  contains  a  map  of  the  distribution  of  the  recent 
species  and  a  list,  alphabetically  arranged,  of  the  localized  provincial 
faunas  based  on  (Eblert*s  work  of  1876-1880,  amplified  by  later 
discoveries.  We  would  suggest  the  addition  of  a  chart  of  specific 
bathy metrical  limit  (the  data  could  be  easily  derived  from  the  publi- 
cations of  Davidson,  (Elilert,  Monterosata,  and  others)  ;  this,  with 
a  table  of  geological  range  of  genera,  would  localize  all  needful 
information  in  one  handbook.  Verily  the  students  of  the  Brachiopoda 
in  the  twentieth  century  will  have  great  reason  to  be  grateful  to 
the  specialists  of  the  nineteenth  who  have  thus  consolidated  the 
results  of  general  researches. 

Systematic  classification  should  be  the  natural  outcome  and  termi- 
nation of  research,  not  hard  and  fast  limits  outlined  at  the  beginning, 
within  which  facts  discovered  later  \]ii>3At  be  enclosed.  As  Prof.  Huxley 
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has  tersely  stated,  the  power  of  repeating  a  olassifioation  does  not 
always  imply  any  real  knowledge  of  a  groap  in  a  student  They 
are  useful  summaries  to  work  by,  and  we  expect  from  Prof.  Hall  and 
his  indefatigable  assistant,  Prof.  J.  M.  Clarke,  some  definite  state- 
ment on  this  vexed  point  in  conclusion.  At  present  they  stand  alone 
in  the  rejection  of  family  groupings  of  genera  in  name,  although 
they  seem  tacitly  to  admit  the  necessity  of  some  such  grouping  by 
writing  persistently  of  **orthoids,"  "productoids,"  **  terebratuloids," 
etc.  This  is  all  very  well  in  its  way,  but  it  imposes  on  the  student 
the  burden  of  defining  whether  '*  orthoid,"  and  other  generic  and 
subgeneric  mutations,  which  have  been  described  collectively  by 
other  authorities  as  the  *'  Orthidas,"  ''  Productidsa,"  etc.,  is  intended  to 
be  understood,  or  whether  the  term  "  orthoids  "  is  meant  to  define 
merely  the  eight  species  to  which  that  genus  is  by  Hall  restricted. 

These  remarks  are  not  offered  in  any  carping  critical  spirit.  It 
would  be  absurd  to  deny  the  right  of  the  State  Palseontologist  of 
New  York  to  formulate  a  new  classification ;  no  one  can  have 
a  better  claim  in  Europe  or  America.  We  note  the  point  as  a 
difficulty  in  generalization  and  likely  to  puzzle  the  students  to 
whom  this  handbook  of  the  Brachiopoda  is  addressed,  and  one, 
therefore,  that  should  be  removed  in  the  concluding  portion  of 
this  most  praiseworthy  manual.  We  have  noticed  the  work  at  some 
length,  because  one  would  scarcely  expect  to  find  a  handbook  for 
students  enclosed  within  the  covers  of  an  annual  Museum  Keport. 
Science  just  now  must  be  in  **a  parlous  state,"  indeed,  in  America, 
when  scientific  men  of  acknowledged  repute  and  standing  are  driven 
to  adopt  such  a  roundabout  method  of  publication.  It  is  to  be 
presumed  that  Hall's  Handbook  to  the  Brachiopoda  will  be  pub- 
lished separately  on  its  completion.  Agnes  Cbane. 


IV. — The  Past  World  and  its  Evolution.  (Die  Vorwelt  und  ihre 
Entwicklungsgeschichte.)  By  Dr.  Ernst  Koken.  Royal  8vo. 
pp.  ^^^t  117  Figures   in   the   text,  and   two   Maps  (Plates  I. 

and  II.).     (Leipsic:   Weigel,  1892.) 

IN  the  preface  the  author  wishes  us  to  understand  that  he  addresses 
himself  not  to  specialists,  but  to  a  wider  circle  of  readers  ; 
we  venture,  however,  to  predict  that,  like  Neumayr's  Erdgeschichte, 
the  present  book  will,  before  long,  be  found  as  well  in  the  libraries 
of  geologists  and  palaeontologists  as  in  those  of  the  Gehildete  Kreise 
generally. 

The  three  first  chapters  (The  Interior  of  the  Earth  and  the  Hardened 
Crust;  The  Formation  of  Mountains ;  The  Notion  of  Time  in  Geology) 
are  a  sort  of  introduction,  and  are  almost  exchmively  geological  in 
their  contents,  as  is  chapter  xii.  (Quaternary  and  Ice  Period). 
Chapters  iv.-xi.  are  dedicated  to  the  different  **  systems,"  beginning 
with  the  Cambrian  and  ending  with  the  Tertiary ;  in  these  the 
pala^ntological  part  predominates.  Chapter  xiii.  is  dedicated  to 
the  Animal  World  in  Quaternary  times. 

The  author  is  not  only  conversant  with  the  very  latest  work  done 
in  every  department  of  the  wide  field  covered  b j  h\«  ^xib^^^V— Sx^  ^^i^ 
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respect  a  companion  with  Neamayr's  book  before  mentioned  sbows 
how  much  nowadays  even  the  lapse  of  seven  years  may  affect  the 
progress  of  science — but,  what  strikes  us  even  more,  so  much 
elaborate  thought  and  such  ori>;inal  views  are  displayed  in  every 
chapter,  that  we  admire  the  author  as  much  when  we  dissent  from, 
as  when  we  agree  with,  him. 

In  the  concluding  chapter  we  are  expressly  told,  what  the  attentive 
reader  roust  already  have  become  aware  of,  namely,  that  the  funda- 
mental view  which  guided  the  author  is  a  decided  nniformitarian  one. 
The  remainder  and  larger  portion  of  the  same  chapter  is  dedicated 
to  a  discussion  of  the  Evolution  theory ;  here  Dr.  Koken  strongly 
opposes  the  overwhelming  part  ascribed  to  natural  selection. 

The  two  maps  are  very  acceptable,  being  reconstructions  of  the 
continents  and  seas  during  the  Cretaceous  (plate  i.),  and  during 
the  older  Tertiary,  together  with  an  illustration  of  the  extension 
of  the  Pleistocene  Ice  period  in  the  northern  hemisphere  (plate  ii.). 
They  are  in  the  main  on  the  plan  of  Neumayr's  reconstruction  of 
Jurassic  continents,  which  is  also  added  by  means  of  black  dotted 
lines  on  the  first  map.  Dr.  Koken*s  maps  serve  not  only  as 
illustrations  to  the  respective  chapters  of  the  text,  but  they  are, 
as  it  were,  graphic  summaries  of  the  same ;  they  will  be  particularly 
appreciated  by  those  who  have  hitherto  sought  in  vain  for  some 
guidance  of  this  kind  when  working  on  geographical  distributioa 
of  organisms.    The  figures  in  the  text  are  first-rate. 

An  English  translation  would  prove  a  success  to  an  enterprising 
publisher,  and  it  might  not  be  indispensable  to  many  scientific 
workers,  for  the  book  ranks  with  Neumayr's  Erdgeschtchte  and 
Prof.  Suess'  Anilitz  der  Erde  in  its  clear  as  well  as  fascinating 
writing. 

Geologioal  Society  op  Londok. 

I.— April  25th,  1894:.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair. 

Mr.  A.  R.  Sawyer,  referring  to  specimens  exhibited  by  him  from 
the  Transvaal,  Orange  Free  State,  Cape  Colony,  Mashonaland,  and 
Matabeleland  (the  last-mentioned  collected  during  the  recent  war), 
remarked  that  gneisses  and  gneissose  granites  cover  a  large  portion 
of  Mashonaland,  together  with  patches  of  schistose  rocks  and  a  few 
stratified  rocks.  He  drew  attention  to  the  fantastic  shapes  assumed 
on  weathering  by  the  granitic  gneiss,  which  he  considered  solely 
due  to  atmospheric  agencies,  and  not  to  ice-action  or  to  the  effects  of 
submerHion. 

The  schistose  rocks  are,  for  the  most  part,  sheared  and  altered 
igneous  masses.  There  are  numerous  examples  of  dolerites  and 
epidiotites  passing  into  hornblende-schists,  and  of  more  acid  igneous 
rocks  Masses  of  magnetite  occur  in  various  parts  of  Mashonaland, 
and  serpentinous  rocks  (which  probably  owe  their  origin  to  the 
altenition  of  peridotites)  in  the  north-west  corner  of  the  Victoria 
Oold-£eld. 
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Extremely  anriferous  Yeins  ooour  amongst  tbe  sheared  aoid 
igueous  rooks  of  the  Umhungwe  Valley  in  the  Manica  district,  and 
gold  occurs  in  the  kaolin  produced  by  the  disintegration  of  these 
rocks.     The  following  communications  were  read  : — 

1.  "Further  Notes  on  some  Sections  on  the  New  Railway  from 
Romford  to  Upminster,  and  on  the  Relations  of  the  Thames  Valley 
Beds  to  the  Boulder  Clay."    By  T.  V.  Holmes,  Esq.,  F.G.S. 

The  author  alludes  to  his  discovery  of  Boulder-clay  on  this  new 
railway  at  Hornchurch  (dealt  with  in  a  previous  paper,  Q.J.G.S. 
August,  1892),  and  describes  the  finding  of  more  Boulder-clay  close 
to  Romford  during  the  deepening  and  widening  of  a  cutting  there. 
The  Boulder-clay  was  on  precisely  the  same  level  as  that  at  Horn- 
church,  a  mile  and  a  half  to  the  south-east,  and,  like  it,  was  covered 
by  gravel  belonging  to  the  highest,  and  presumably  oldest,  terrace 
of  the  Thames  Valley  system.  A  portion  of  the  silted-up  channel 
of  an  ancient  stream-course  was  also  found  in  this  Romford  cutting. 
Its  relations  to  the  Boulder-clay  could  not  be  seen,  as  they  were 
not  in  contact,  but  they  were  alike  covered  by  the  oldest  gravel 
belonging  to  the  Thames  Valley  system.  The  author  discusses  the 
probable  direction  of  the  flow  of  this  stream-course,  and  the  way  in 
which  it  was  superseded  by  the  ancient  Thames.  After  noticing 
certain  points  brought  forward  during  the  discussion  on  his  former 
paper,  he  concludes  with  a  criticism  on  the  views  to  which  Dr. 
Hicks  inclines  in  his  paper  on  the  Sections  in  and  near  Endsleigh 
Street  (Quart.  Joum.  (^eol.  Soo.  vol.  xlviii.  1892)  as  regards  the  age 
of  those  beds,  asserting  that  they  are,  in  all  probability,  simply  River 
Drift  of  the  Thames  Valley  system,  and  consequently  post-Glacial, 
in  the  sense  of  being  later  in  date  than  the  Boulder-clay  of  Essex 
and  Middlesex. 

2.  "  On  the  Geology  of  the  Pleistocene  Deposits  in  the  Valley  of 
the  Thames  at  Twickenham,  with  Contributions  to  the  Flora  and 
Fauna  of  the  Period."  By  J.  R.  Leeson,  M.D.,  F.L.S.,  F.G.S.,  and 
G.  B.  Laffan,  Esq.,  B.Sc,  F.G.S. 

The  section  described  in  this  paper  was  exposed  during  the 
construction  of  an  eiBuent  from  the  Twickenham  sewage-works  to 
the  Thames.     Its  length  was  about  one  mile. 

The  beds  exposed  were: — (1)  Coarse  reddish -yellow  gravels, 
coloured  blue  below,  lying  on  an  eroded  surface  of  (2)  Dark-blue 
loam,  varying  in  thickness,  the  greatest  thickness  seen  being  3  feet, 
at  a  place  where  the  bottom  was  not  reached  ;  (3)  Dark  sand ; 
(4)  Coarse  ballast-gravel ;    (5)  London  Clay. 

The  loam  (which  is  quite  a  local  deposit)  yielded  eight  species  of 
Mollusca  and  fourteen  species  of  plants,  all  still  living  in  the 
neighbourhood.  A  number  of  Mammalian  bones  referable  to  seven 
species  were  lying  just  on  the  surface  of  the  loam.  Amongst  the 
forms  were  Bison  and  Reindeer. 

The  authors  consider  that  the  loam  was  deposited  in  a  small  lake, 
and  they  allude  to  similarities  between  it  and  a  deposit  described  by 
Dr.  Hicks  as  occurring  in  the  Endsleigh  Street  excavations. 

3.  "  Oa  a  Goniatite  from  the  Lower  Coal-measures."    By  Herbert 
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Bolton,  Esq.,  F.B.S.E.     (Communioated  by  Qeorge  C.  Crick,  Esq., 
F.G.S.) 

Sowerby  in  his  "  Mineral  Conchology  "  figures  two  fossils  under 
the  name  of  Qoniatitea  Listeri,  of  which  the  left-hand  figure  is 
clearly  O.  Liateri,  whilst  the  right-hand  one  differs  considerably 
from  it.  The  author  gives  diagnoses  of  OoniaUtes  Liateri  and  of  a 
supposed  new  species,  which  agrees  with  the  form  represented  in 
Sowerby's  right-hand  figure.  This  species,  noticed  by  the  author, 
is  limited  to  the  shales  forming  the  roof  of  the  '*  Bullion  *'  or  Upper 
Foot  seam  of  the  Lower  Coal-measures,  whilst  O.  Liateri  ranges 
from  the  Lower  Limestone  Shales  to  the  ''  Bullion  "  seam. 


IL— May  9th,  1894.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair. 

Mr.  Lyddekker  exhibited  some  specimens  from  a  collection  of 
Argentine  fossil  Vertebrates  which  he  had  been  allowed  to  select 
from  the  La  Plata  Museum  for  presentation  by  Dr.  Moreno  to  tb^ 
British  Museum.  Many  of  these  belonged  to  types  previously 
quite  unrepresented  in  the  collection  of  the  latter.  He  also 
drew  attention  to  his  recently  published  monograph  on  Argentine 
Vertebrates,  and  stated  that  he  hoped  these  results  of  his  journey 
to  La  Plata,  under  the  auspices  of  the  Royal  Society,  would  be 
regarded  as  satisfactory.  The  difficulty  he  himself  had  laboured 
under  in  endeavouring  to  understand  what  had  been  previously 
written  in  regard  to  the  extinct  mammals  of  Argentina  was  largely 
due  to  the  absence  of  satisfactory  figures;  and  his  object  had, 
therefore,  been  to  figure  as  many  specimens  as  possible  on  a  large 
scale,  in  order  that  others  might  have  an  opportunity  of  judging 
for  themselves,  quite  apart  from  his  own  descriptions  and  conclusions. 

He  had  undertaken  his  previous  journey  somewhat  unwillingly, 
at  the  wish  of  Sir  W.  H.  Flower  and  Mr.  Sclater ;  but  he  had  been 
so  interested  in  what  he  had  seen  that  he  hoped  means  might  be 
afforded  him  of  repeating  his  visit  this  year. 

The  following  communications  were  read  : — 

1.  "  Carrock  Fell :  a  Study  in  the  Variation  of  Igneous  Rock- 
masses.—  Part  I.  The  Gabbro."    By  Alfred  Barker,  Esq.,  M.  A.,  F.G.S. 

The  paper  opens  with  an  account  of  the  general  relations  of  the 
intrusive  rock-masses  of  the  district,  and  proceeds  to  deal  more 
particularly  with  the  gabbro,  which  forms  the  earliest  intrusion. 

A  petrological  description  of  the  Carrock  Fell  gabbro  is  followed 
by  a  study  of  the  variations  observed  in  different  parts  of  the  mass. 
The  rock  becomes  progressively  more  basic  from  the  centre  to  the 
margin,  passing  from  a  quartz-gabhro  with  as  much  as  59^  per  cent 
of  silica  to  an  ultrabasic  type  with  as  little  as  32^.  The  latter  in 
extreme  cases  contains  nearly  25  per  cent,  of  iron-ores,  partly 
titaniferous.  This  is  compared  with  the  igneous  iron-ores  described 
by  Vogt  in  Scandinavia,  etc.,  and  the  probable  physical  cause  of  the 
remarkable  variation  in  the  gabbro  is  discussed. 

Other  modifications  of  the  gabbro  are  briefly  noticed,  due  on  the 
one   hand   to  metamorphism   of  the   rock    by  a    somewhat   later 
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intrusion  of  granophyre,  on  the  other  hand  to  the  gabhro-magma 
having  enclosed  oonaiderable  massee  of  the  basio  lavas  of  the 
district,  which  are  themselves  highly  metamorphosed. 

2.  "  The  Geology  of  Monte  Chaberton."  By.  A.  M.  Davies,  Esq., 
B.Sa,  F.Q.S.,  and  J.  W.  Gregory,  D.So.,  F.G.8. 

The  importance  of  the  Chaberton  district,  as  affording  a  key  to 
the  general  geology  of  the  Oottians,  is  explained,  and  the  opinions 
of  previous  observers  referred  to.  The  mountain  was  examined 
from  three  sides — that  of  the  Grand  Vallon ;  the  approach  from 
Mont  Gen^vre  by  the  Col  de  Chaberton ;  and  that  of  the  Clos  des 
Morts  Valley.     The  following  are  the  conclusions  arrived  at : — 

(1)  The  well-known  Chaberton  serpentine  is  intrusive  into  the 
calc-schists,  and  yields  fragments  to  the  eargneulea  of  the  Trias ;  it 
is,  therefore,  a  pr«-2Vtasate  intrusion. 

(2)  There  are  on  the  mountain  other  fairly  basic  schistose  rocks 
(quart z-chlorite-Bchists)  which  cut  the  Trias,  and  are  therefore  poBt- 
Tnassic, 

(3)  The  contorted  beds  in  the  Clos  des  Morts  Valley  are 
fossil iferous  limestone,  and  it  is  from  them  that  the  fallen  blocks 
previously  recorded  were  derived.  The  only  recognisable  fossil 
is  Calamophyllia  fenestra ta,  Reuss,  a  characteristic  coral  of  the 
Gosau  beds.  In  spite,  therefore,  of  the  doubts  of  Kilian  and 
Diener,  the  opinion  expressed  by  Neumayr  as  to  the  existence  of 
Cretaceous  rock  in  this  part  of  the  Alps  is  confirmed. 

(4)  The  earth-movements  of  the  mountain  are  described ;  they 
include  ordinary  folds,  invereions,  faults,  and  an  important  thrust- 
plane. 

(5)  It  is  suggested  that  in  addition  to  the  two  series  of  intrusive 
rocks  above-mentioned  as  pre-  and  post-Triassic,  a  third  series  of 
late  Cretaceous  or  Tertiary  date  may  be  represented  in  the  Mont 
Genevre  and  Rocciavre  masses. 

3.  "  Cone  in  Cone.  How  it  occurs  in  the  Devonian  (?)  Series 
in  Pennsylvania,  U.S.A.,  with  further  details  of  its  Structure, 
Varieties,  etc."     By  W.  S.  Gresley,  Esq.,  F.G.S. 

The  author  describes  cone-in-cone  structure  occurring  in  the 
Portage  Shales  of  Pennsylvania,  and  gives  details  concerning  the 
nature  of  the  structure  as  seen  in  these  shales.  He  criticizes 
the  explanation  of  Mr.  J.  Young  as  to  the  origin  of  the  structure, 
and  concurs  in  a  great  measure  with  the  views  of  those  who  have 
suggested  that  the  formation  was  due  to  pressure  acting  on  con- 
cretions. 


A   PHYSICAL   CONTRIBUTION   TO   DYNAMIC   METAMORPHISM. 

Sir, — Among  recent  physical  researehes,  one  of  the  most  interest- 
ing to  geologists  is  embodied  in  two  papers  by  Prof.  M.  Carey  Lea 
on  "  Endothermic  Reactions  effected  by  Mechanical  Force."  *  The 
author  shows  by  direct  experiment  "  that  mechanical  force  can  bring 
about  reactions  which  require  expenditure  of  epergy,  which  energy 
»  Amer.  Joum.  Sci.  1893  (3),  vol.  xlvi.  pp.  241-^44,  4W41^. 
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is  supplied  by  mecbanioal  force  preoiaely  in  the  same  way  that  light, 
heat,  and  eleotiioity  supply  energy  in  the  endothermio  ohangea  whidi 
they  bring  about." 

The  experiments  consisted  chiefly  in  the  redaction  of  silver, 
mercury,  platinum,  and  gold,  from  their  salts.  The  result  was 
indicated  in  each  case  by  a  darkening  of  the  powder,  and  in  one 
case,  sodium  chloraurate,  the  reduced  gold  was  separated  and  weighed. 

In  a  first  series  of  experiments  the  substance  operated  upon, 
wrapped  in  platinum  or  silver  foil,  was  subjected  to  a  pressure  of 
about  70,000  atmospheres  by  means  of  a  specially  devised  apparatoa 
More  interesting,  however,  is  a  second  series  of  experiments,  in 
which  similar  results  were  obtained  by  grinding  the  powder  by  hand 
in  a  stout  porcelain  mortar,  so  as  to  give  a  riiearing  motion.  The 
important  conclusions  drawn  are : 

(i.)  That  in  these  experiments  the  mechanical  energy  does  not 
undergo  any  intermediate  conversion  into  sensible  heat.  l*he 
operation  may  be  conducted  slowly  or  intermittently,  and  the 
apparatus  does  not  become  warmed. 

(ii.)  That  shearing  stress  is  enormously  more  effective  than 
simple  pressure. 

These  two  points  are  well  illustrated  by  the  behaviour  of  mercuric 
chloride.  A  simple  pressure  of  70,000  atmospheres  was  not  sufficient 
to  produce  any  change,  but  trituration  in  a  mortar  for  fifteen  minutes 
caused  a  very  evident  reduction  to  calomel.  In  this  instance  the 
decomposition  is  one  which  cannot  he  produced  by  heaL 

Although    the    chemical    transformations   involved    in   dynamio 

metamorphism  are  of  a  more  complex  kind  than  those  here  noted, 

it  seems  fair  to  conclude  that,  in  so  far  as  they  are  endothermic,  they 

may   be    brought  about    by    mechanical   force    only,    without  the 

intervention  of  heat,  and  that  the  most  marked  efifects  of  this  kind 

are  to  be  looked  for  where  shearing  stress  has  been  brought  into  play. 

St.  John's  Colleok,  Cambridgb.  Alfred  Harkkk. 

May  Uh,  1894. 

THE    DEVONIAX  VOLCANIC    ROCKS    OF    START    BAY. 

Sir, — In  my  paper  "  On  Certain  Affinities  between  the  Devonian 
Hocks  of  South  Devon  and  the  Metamorphic  Schists"  (Gkoix)Gical 
Maoazinr,  June,  1892),  no  attempt  was  made  to  define  the  horizon 
of  any  of  the  Devonian  rocks  themselves.  The  schists  were  merely 
referred  to  unaltered  rocks  whose  position  had  been  elsewhere 
declared. 

In  his  recent  address  to  the  Geological  Society,  Mr.  W.  II. 
Hudleston,  in  noticing  my  paper,  remarks  that  Lower  Devonian 
diabases  "in  some  districts  are  not  by  any  means  in  evidence" 
(Proo.  Geol.  Soc.  vol.  50,  p.  130). 

As  a  matter  of  fact  the  exact  horizon  of  the  Devonian  diabases 
in  Start  Bay  (to  which  the  metamorphic  green  rocks  were  referred) 
does  not  afifect  my  notes  concerning  them,  which  merely  go  to  show 
that  the  green  rocks  at  the  Start  and  neighbourhood  are  of  about 
the  same  age  as  the  said  Start  Bay  diabases,  whether  the  latter  be 
Lower,  Middle,  or  Upper  Devomaiu 
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The  stratigraphioal  questions  of  Start  Bay  lie  entirely  outside  my 
proTince;  but  1  may,  perhaps,  be  allowed  to  point  out  how  little 
they  affect  my  position. 

In  the  course  of  a  walk  from  near  the  Start  Lighthouse  to  Dart- 
mouth, we  may  notice  the  following  rocks : — Westward  of  the 
lighthouse,  forming  the  cliff  face,  is  a  mass  of  compact  greenrock, 
which,  previously  to  Mr.  Ussher's  survey,  seems  to  have  been 
invariably  overlooked  by  geological  visitors.  Immediately  to  the 
north  are  the  mica-quartz-schists  of  Start  Eidge,  succeeded  along 
the  coast  by  a  series  of  mica-schists  which  pass  into  the  ordinary 
Devonians  at  Hallsands,  with  but  slight  indications  of  an  important 
area  of  greenrock  inland. 

Devonian  slates  and  sandstones  are  interrupted  by  volcanic  rocks 
at  Torcross,  and  then  continue  to  Blackpool,  where  volcanic  rocks 
reappear  in  force,  and  are  considerably  developed  up  to  the  entrance 
of  Dartmouth  Harbour,  where  the  Mewstone  islet  and  the  eastern 
and  western  blaokstones  indicate  the  seaward  extension  of  the 
diabases. 

Now,  from  Hallsands  to  Dartmouth  Harbour,  the  rocks  including 
the  diabases  are  admitted  to  be  Devonian,  of  some  age.  If  they 
are  Lower  Devonian,  Mr.  Hudleston  tells  us  that  in  other  districts 
Lower  Devonian  diabases  **  are  not  by  any  means  in  evidence."  If, 
on  the  other  hand,  they  are  Middle  Devonian,  it  is  equally  noticeable 
that  the  limestones  (the  characteristic  rocks  of  that  horizon)  are 
absent. 

If  the  explanation  be  that  Middle  Devonian  slates  and  diabases  are 
folded  together  with  Lower  Devonian  slates  and  sandstones  (with  no 
useful  fossils  to  assist  the  observer)  the  difficulty  of  the  case  as  a 
purely  Devonian  problem  is  sufficiently  obvious.  But  so  far  as  the 
main  problem  of  the  age  of  the  metamorphic  green  rocks  is  con- 
cerned, the  question  of  the  exact  horizon  of  the  Start  Bay  diabases, 
whether  Lower  or  Middle  Devonian,  is  of  very  minor  consequence 
or  interest.  My  point  is  that  the  sandstones,  slates,  and  diabases 
north  of  the  metamorphic  boundary  are  the  analogues  of  the  quartz- 
schists,  mica-schists,  and  green  rocks  to  the  south  of  that  boundary ; 
of  which  fact  I  do  not  entertain  the  shadow  of  a  doubt. 

A.  R.  Hunt. 

CHARLES    S.    BEACHLER. 

Born  November  5th,  1870.         Died  April  5th,  1894. 

We  greatly  regret  to  hear  of  the  death  of  this  young  American 
geologist,  which  occurred  at  Crawfordsville,  Indiana,  on  the  above 
date,  and  was  due  to  a  complication  of  heart  and  lung  trouble. 
Charles  Beachler's  scientific  studies  were  begun  at  Wabash  College, 
ivhen  he  was  fifteen  years  old.  Here  he  became  interested  in 
herpetology,  and  made  a  collection  of  the  reptiles  of  Indiana  for 
the  College  at  his  own  expense.  Subsequently  he  was  employed 
by  Mr.  Frank  Springer  to  collect  Crinoids  from  the  Carboniferous 
beds  of  Crawfordsville,  and  the  Niagara  Lime&loiiQ  oI^qXi^xoti^^A 
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St.  Paal.  While  engaged  in  this  work  he  made  the  best  of  his 
opportunities  to  study  the  geology  of  the  districts  yisited,  and  made 
some  geological  excursions  on  his  own  account 

Short  but  interesting  notes  resulting  from  these  inyestigations 
have  appeared  in  the  American  Naturalist,  American  G^logist,  and 
the  Journal  of  Qeology,  In  the  autumn  of  last  year  Mr.  Beaohler 
studied  and  taught  under  Prof.  J.  W.  Spencer,  State* (jeologiBt  of 
Georgia,  and,  on  his  return  to  Crawfordsville,  himself  became  a 
candidate  for  the  post  of  State-Oeologist  of  Indiana. 


"  Harkness  Soholabbhips  in  Obolooy  fob  Men  and  Women." — 
It  seems  difQoult  to  devise  a  more  pleasing  or  useful  form  in  which 
to  perpetuate  the  memory  of  one  who  was  greatly  esteemed  and 
loved,  than  to  establish  a  scholarship,  as  has  been  done  by  the  late 
Mrs.  Pearson  of  Penrith,  to  the  memory  of  her  brother.  Professor 
Robert  Harkness,  F.R.S.,  F.G.S.,  late  Professor  of  Geology,  Queen's 
College,  Cork. 

Professor  Harkness,  who  died  in  1878.  was  a  graduate  of  the 
University  of  Edinburgh,  where  he  attended  the  lectures  of 
Professors  Jamieson  and  James  D.  Forbes.  He  was  appointed  to 
the  Chair  of  Geology  in  Queen's  College,  Cork,  in  1853,  a  post 
which  he  held  until  1878.  He  was  an  excellent  geological  teacher, 
and  contributed  many  admirable  papers  on  the  geology  of  Cumber- 
land and  Westmoreland,  and  other  parts  of  England  and  Ireland. 
He  was,  for  many  years,  a  constant  attendant  at  the  meetings  of  the 
British  Association,  where  his  presence  in  Section  C  was  as  regularly 
expected  as  that  of  the  late  Mr.  William  Pengelly,  F.R.S.,  and  be 
took  an  active  part  in  its  meetings  and  discussions,  as  well  as  in 
those  of  the  Geological  Society  whenever  he  could  be  present. 

The  scholarship  for  women,  tenable  at  either  Girton  or  Newnham 
College,  Cambridge,  is  to  be  awarded  triennially  to  the  best  candidate 
in  an  examination  in  Geology  and  Palaeontology,  provided  that 
sufficient  proficiency  be  shown.  The  candidates  must  be  resident 
members  of  either  Girton  or  Newnham  College,  in  their  first  or 
second  term.  The  scholarship  will  be  of  the  value  of  about  £35  a 
year  tenable  for  three  years.  The  next  examination  will  be  held 
at  Cambridge  in  the  Michaelmas  Term,  and  the  award  will  be 
made  on  or  before  November  15th,  1894. 

Another  Harkness  Scholarship  in  Geology,  which  was  also  estab- 
lished by  Mrs.  Pearson  to  her  brother's  memory,  is  open  to  men  and 
is  vested  in  the  hands  of  the  University  of  Cambridge.  This  is 
awarded  annually,  any  member  of  the  University  being  eligible 
who  has  graduated  as  B.A.,  "provided  that  not  more  than  three 
years  have  elapsed  since  the  19th  day  of  December  next  following 
his  final  examination  for  the  degree  of  Bachelor  of  Arts."  The 
award  is  in  the  hands  of  a  Board  of  Electors.  We  trust  that 
this  memorial  to  so  excellent  a  geologist  may  long  maintain  its 
vitality,  and  form  a  living  link  between  the  past  and  present  for 
the  good  of  our  science. 
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I. — On  Some  Fossil  Phtllopoda. 
By  Professor  T.  Bupebt  Jonbs,  F.R.S.,  and  Dr.  HBmtT  Woodwahd,  F.R.8. 

(PLATE  rx.) 

rilHESE  notes  on  fossil  Phyllopods  refer  to  some  interesting 
X  specimens,  mostly  of  Palseozoio  age,  which  have  oome  to 
hand  since  the  publication  of  Part  II.  of  our  **  Monograph  of  the 
British  Palaeozoic  Phyllopoda"  (Palseontographical  Society),  1892. 
Figs.  1  and  2  represent  Estheria  from  the  upper  part  of  the  great 
Karoo  Formation  of  South  Africa.  Figs.  3  and  4  are  exposed  on 
a  piece  of  Moffat  shale  from  Dumfries-shire;  and.  Fig.  3  being  a 
Disdnocaria,  it  is  probable  that  the  two  series  of  abdominal  seg- 
ments. Figs.  4a,  46,  may  have  belonged  to  that  genus.  Fig.  5 
18  a  Discinocaris  of  good  size,  and  Fig.  6  an  AptychopBis,  both  from 
Moffat  Fig.  7  is  a  rare  Phyllocarid  from  the  Devonian  beds 
(Hamilton  series)  of  Canada,  lliere  is  also  a  note  on  a  Nova-Scotian 
Estheria,  without  figure. 

1.  EsTHEBiA  Drapebi,  sp.  nov.     (PL  IX.  Figs,  la,  16,  le.) 
Size :  Length  of  yalve,  16  mm.    Length  of  hinge-line,  11  mm.    Height,  10}  mm. 

Valves  suboblong,  straight  above,  slightly  curved  below,  rounded 
at  the  ends ;  anterior  margin  higher  and  less  convex  than  the 
posterior.  The  interspaces  on  the  surface  are  ornamented  with 
coarse  shallow  pits,  making  an  obscure  reticulation  (see  Fig.  Ic, 
which  was  taken  from  near  the  edge  of  the  antero-ventral  portion  of 
the  left  valve,  lying  uppermost).  The  umbo  is  just  in  front  of  the 
middle  of  the  hinge-line. 

The  left  valve,  partly  preserved  and  much  corrugated,  lies  on  top 
of  a  slightly  convex  mass  of  dark  shale,  which  represents  the  major 
part  of  the  body  of  the  animal. 

In  shape  this  specimen  approaches  the  Permian  Eatherta  extgua 
of  Russia  (Monog.  Foss.  EstheriaB,  Pal.  Soc.  1862,  p.  37,  pi.  i. 
figs.  22-24)  and  the  recent  E.  Buhidgei,^  E,  MacgilUvrayi,^  and 
E.  Dahalacensis ' ;  but  has  its  umbo  less  forward  than  either  of 
these.  Its  ornament  approaches  that  of  the  last- mentioned  species, 
and  also  that  of  E.  extgua. 

>  Proc.  Zool.  Soc.  1862,  p.  148,  pi.  xv.  fig.  3.  >  Ibid.  fig.  6. 

>  Proc.  Zool.  Soc.  1849,  Annulosa,  p.  87,  pi.  xvii.  figs.  2-4. 
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From  a  small  bed  of  grey  shale  interstratified  in  the  CaTe-Sand- 
stone  in  the  oppermost  part  of  the  Karoo  Formation,  in  Natal,  above 
the  homestead  of  Mr.  Theodore  Malder,  on  the  eastern  side  of  the 

Pxo.  1. 
SBcnoK  or  thi  Eastbkk  bidi  of  thi  Plathibo  xy  na 

_,  8000  feet  aboTe  lea-lereL 

W. 


a.  Colnmnar  Dolerite.    About  400  feet  thick. 

b.  Cave- Sandstone  (with  the  Estherian  shale).    About  400  feet  thick. 

e.   The  place  of  the  Red  Beds,  which  are  fossilifcrous  at  IlaiTiemith,  on 
the  western  side  of  the  Platberg,  in  the  Orange- Free- State. 

d.  Molteno  Beds,  bearing  cool  in  the  Stormberg,  High-veldt,  and  Natal. 

e.  Beaufort  Beds. 

/.  Ecca  Beds.     (c-f.  about  2000  feet.) 

y.  Ecca  (Dwyka)  Conglomerate,  Iving  nearly  horizontal  in  the  adjacent 
valley  of  Pietennaritzburg,  Natal. 

Platberg  (see  the  Section,  Fig.  1).  This  is  a  part  of  the  Drakens- 
berg  range,  and  on  its  western  side  is  Harrisinith  in  the  Orange- 
Free-State.  This  Estheria  was  found  by  Mr.  David  Draper,  F.G.S., 
of  Lennozville,  Natal ;  and  is  here  named  aiter  him.  It  is  deposited 
in  the  British  Museum  (Natural  History). 

2.  EsTHEBiA  Stowiana,  sp.  nov.     (PI.  IX.  Figs.  2a,  2b,) 
Size :  Length  of  valve,  2^  mm.     Length  of  hinge-line,  2  mm.    Height,  1|  mm. 

On  the  piece  of  shale  bearing  Estheria  Draperi  (Fig.  1)  are  two 
very  small  flattened  Estherian  valves,  one  of  which  is  shown,  much 
enlarged,  by  Fig.  2.  Tlieir  shape  is  different  from  that  of  the  larger 
form,  being  sub-elliptical,  much  less  oblong,  relatively  higher  and 
more  boldly  curved  at  one  end,  and  elliptically  curved  on  the  ventral 
border;  with  the  umbo  nearer  to  the  narrow  than  to  the  broader 
(higher)  end  of  the  valve. 

It  is  unusual  for  the  umbones,  and  consequently  the  anterior  part 
of  the  body,  to  be  nearer  to  the  smaller  than  to  the  larger  end  of 
the  valves.  This  condition  is  seen  in  some  varieties  of  E,  striata 
(Monog.  Foss.  EstherisB,  1862,  pi.  i.  figs.  11,  13,  and  15),  in 
E.  Dawsoni  (Geol.  Mag.  1870,  PI.  IX.  Fig.  15),  and  in  E,  tenella, 
var.  (f6id.  Fig.  16) ;  but  their  umbones  are  much  further  forward 
than  in  our  Fig.  2,  where  it  is  not  far  in  front  of  the  middle  of  the 
hiDge-liDe.    The  form  nearest  to  our  Fig.  2,  in  this  submedian 
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position  of  the  umbo,  is  the  Carboniferous  E,  striata^  var.  tenuis 
pectoralis,  from  the  Ural  (Ann.  Mag.  Nat  Hist.  ser.  5,  vol.  xii.  1883, 
p.  246,  pi.  vi.  fig  2).  In  this  form,  however,  the  antero- ventral 
margin  has  less  convexity  and  the  postero- ventral  curvature  is 
more  oblique. 

In  E,  membrancea  (Monog.  Foss.  Esth.  pi.  i.  figs.  3  and  6),  although 
the  front  and  ventral  margins  do  not  make  so  elliptioal  a  curve,  the 
umbo  is  in  relatively  the  same  position  as  in  our  Fig.  2.  E,  Oreyii, 
from  the  Karoo  Formation  near  Cradock,  South  Africa  (Geol.  Mao. 
1878,  p.  100,  PL  III.  Fig.  1)  has  a  somewhat  similar  position  for 
its  umbo,  but  the  dorsal  margin  is  not  straight 

Although  it  is  just  possible  that  these  small  specimens  may  be 
young  forms,  dififering  according  to  their  stage  of  growth  from  such 
an  adult  as  Fig.  1  (with  which  they  were  associated),  yet,  not 
having  evidence  of  such  a  relationship,  we  propose  to  distinguish 
them  by  a  separate  name,  and  to  call  them  E.  Stowiana,  in  memory 
of  the  late  G.  W.  Stow,  who  did  much  to  elucidate  the  structure  and 
history  of  the  Karoo  Beds,  including  the  Cave-Sandstone,  in  a  shale- 
bed  of  which  these  Esiheria  occur. 

3.  DisciNOOARis  Browniana,  H.  Woodward,  1866. 

(PL  IX.  Figs.  3-6.) 

LwinoearU  Broumiana,  H.  W.  and  T.  R.  J.,  Monog.  Pal.  Phyll.  Part  II.  1893, 
p.  119,  pi.  XTi.  figs.  12-19,  21-23. 

Fig.  3.  Height  (length),  8  mm.  Breadth,  8  mm.  This  is  a 
carapace  modified  by  pressure,  slightly  concave,  and  apparently 
overlying  a  fragment  of  another,  which  shows  through  the  nuchal 
notch,  or  the  nuchal  portion  has  been  displaced  and  turned  partly 
round  in  the  notch. 

From  Moffat;  with  the  Graptolites  —  Bastriles  peregrinus  and 
Climactograptua  (?). 

Figs.  4a,  4b.  Portions  of  two  abdomens ;  4a,  13  mm.  long,  and 
showing  12  segments,  figured  with  the  proximal  end  downwards  to 
the  right  hand  ;  and  Fig.  46,  less  distinct,  showing  7  segments. 

These  are  not  unlike  several  examples  of  larger  body-segments 
of  Hymenocaris,  figured  in  pL  xiii.  of  Monog.  Foss.  Phyll.  Part  11. 
1892,  and  described  at  p.  79 ;  but,  as  Bymenocaris  does  not  occur  in 
the  Moffat  shales,  nor  Disdnocaris  at  Tremadoc,  we  must  take  for 
granted  that  these  abdominal  relics  belong  to  different  genera.  So 
also  there  are  in  the  British  Museum  other  similar  sets  of  body- 
rings,  not  so  large  as  those  of  Ceratiocaris  stygia  and  C.  papilio,  but 
belonging  to  smaller  forms  of  that  genus.  Such  examples  were 
described  by  us  in  Monog.  Foss.  Phyll.  Part  I.  1888,  p.  56,  and 
one  {C.  laxa)  was  figured  on  pi.  8.  ^g,  12. 

This  genus  also  is  foreign  to  the  Moffat  shales,  and  therefore 
cannot  claim  Figs.  4a,  46,  for  itself.  Indeed  such  segmented 
abdomens  may  and  must  have  belonged  to  all  the  above-mentioned 
and  to  other  Phyllocarids. 

Fig.  5.  Height  (length),  10  mm.  Breadth,  12^  mm.  This  is 
a  rather  large  and  characteristic  carapace  of  D.  j&rotmtana,  well 
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preserved  in  some  respeoU,  but  glighUy  oonoavfi  and  oncked  hj 
preBsure,  and  Bomewhat  damaged  along  the  upper  edge. 
From  Garpel  Linn,  Hofiat 

4.  APTYOHOP8I8  WiMONi,  H.  Woodwarf,  1872.     (PI.  K.  Fig.  6.) 

JptyrAeptit  IFiliem,  T.  S.  1.  and  H,  W.,  Hodi^.  Warn,  PhTll.  Put  II.  1B92, 
p.  105,  pi.  IT.  figa.  12  {?),  Ifi,  and  IS. 

Half  of  aoarapaoe:  Height  (length),  IIidtq.     Breadth,  8  mm. 

This  left-hand  moiety  of  a  oarapaoe  of  good  rize  ilea  appareotlj 
over  a  displaced  fragment  of  another  part  of  the  oarapaoe,  whit^ 
inlerferee  with  the  angular  shape  of  the  nnohal  notch. 

From  Duff-Rinnel  Bum,  MofFat. 

Figs.  3,  4,  5,  and  6  were  lent  by  the  authorities  of  the  Carlisle 
Museum,  for  examination  and  description,  through  the  oourtesy  of 
R.  S.  Ferguson,  Esq.,  Lowther  Street,  Carlisle. 

5.  Elthoouiis  Hihdei,  ap.  nov.     (PI.  IX.  Fig.  7.) 

LeDgth  of  trItb,  24  mm.    Height,  9iDm. 

We  have  here  two  valves  of  a  carapace.  The  right  valve  ii 
nearly  perfeot,  but  has  lost  a  piece  off  the  hinder  end,  and  is  some- 
what oraoked  by  pressure.  The  other  valve  lies  obliquely  ani 
partly  embedded. 

The  best-pr«aerved  valve  is  elongate,  pod-shaped,  straight  ahova, 
with  a  nearly  semicironlar  oatline  below ;  antero-doroal  angle  sharp ; 
posterior  end  of  the  valve  tapering,  but  fraotured,^-certaiuly  not 


FiQ.  2. — Ornament  on  the  valve  of  Elytnocari»  Hiniti :  magnified  16  diameto*. 
broadly  truncate  originally.  A  distinctly  elevated  ocular  spot  is 
visible  at  about  one-seventh  of  the  length  of  the  valve,  a  little 
below  the  margin,  in  the  antero-dorsal  region.  Delicate  longi* 
tudinal  striie,  parallel  with  tlie  margin,  interrupted,  and  stlgbtlj 
anastomosing,  ornament  the  ventral  part  of  the  surface.  This 
pattern  passes  upwards  into  scattered  minute  shallow  pits;  and 
above  the  middle  of  the  valve  there  is  a  linear  arrangement  of 
fine  fihort  striK,  with  shallow  pits  interspersed  (see  Fig.  2). 
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In  some  features  this  carapace  resembles  Emmelezoe  elliptiea 
(M*Coy),  Monog.  Fobs.  Phyll.  Part  I.  1888,  p.  68,  pi.  8,  fig.  1 ; 
but  it  is  still  more  closely  allied  to  Elymoearia  siliqua,  C.  E.  Beecher, 
Second  G^l.  Surv.  Pennsylvania,  P.P.P.  1884,  p.  13,  pi.  2,  figs.  I 
and  2.  In  size  it  is  nearer  tbe  latter,  which  measures  26  by  10  mm., 
whilst  the  former  measures  32  by  13  mm.  It  differs  from  both  in 
being  evidently  more  attenuate  posteriorly  (though  not  quite 
perfect) ;  and  more  symmetrical  in  the  elliptical  curve  of  the 
ventral  margin ;  and  from  Emmelezoe  particularly  in  its  frontal 
angle.  As  in  Emmelezoe,  there  are  no  nodular  eminences  near  the 
eye-spot. 

Its  nearest  ally,  however,  is  evidently  Elymocaris  capsella.  Hall 
and  Clarke  (Palasont  New  York,  vol.  vii.  1888,  p.  181.  pi.  31, 
fig.  4),  as  pointed  out  to  us  by  Dr.  Hinde  when  communicating 
the  specimen ;  and,  although  this  is  smaller  (15*5  by  5  mm.),  its 
proportions  are  not  far  from  being  the  same;  and  its  tapering 
posterior  extremity,  its  striate  ornament,  and  general  shape  give 
a  close  resemblance  to  our  Fig.  7.  The  greater  fulness  of  the 
antero-ventral,  and  less  convexity  of  the  postero- ventral,  margin 
in  E.  eapsellGf  and  the  steeper  front  edge,  with  its  antero-dorsal 
spike,  distinguish  it  from  the  species  before  us ;  besides  which  the 
latter  has  a  more  prominent  ocular  spot. 

Regarding  it,  then,  as  belonging  to  Elymocaris,  and  distinct  from 
the  published  species  of  the  genus,  we  name  it  E,  Hindei  after 
Dr.  G.  J.  Hinde,  V.P.G.S.,  who  collected  it  many  years  since  at 
Arkona,  Ontario,  Canada,  from  the  Hamilton  Group  of  the  Middle 
Devonian  Series. 

6.  EsTHKBiA  Dawsoni,  Joues,  1870. 

Acadian  Oeology,  1868,  p.  256,  fig.  ISd;  Gbol.  Mao.  1870,  p.  220,  PI.  IX. 
Fig.  16 ;  ibid,  1876,  p.  676 ;  ibid.  1878,  p.  101,  PI.  III.  Fig.  2. 

We  have  just  now  received  from  Sir  William  Dawson,  F.R.S.,  etc., 
of  Montreal,  a  fossil  Eetheria,  which,  though  imperfect,  corresponds 
in  general  characters  with  E,  Dawsoni,  Jones,  and  moreover  exhibits 
ail  interstitial  pitting  or  coarse  reticulation,  such  as  is  present  in 
several  known  Estheria,  but  rendered  obscure  by  fossil ization. 
"The  shell  enclosed"  (writes  our  friend,  in  a  letter  dated  April  28, 
1894)  '*came  to  me,  with  some  fossil  plants,  from  beds  iu  Nova 
Scotia,  which  1  suppose  to  be  Lower  Carboniferous,  but  which  some 
hold  to  be  Devonian."  He  suggests  that  it  looks  like  the  species 
here  referred  to. 

E,  Dawsoni  has  been  found  in  the  Lower  Carboniferous  series  at 
Horton  in  Nova  Scotia,  and  in  the  Lower  Carboniferous  of  Scotland. 

EXPLANATION  OF  PLATE  IX. 

Pio.  1.  Ettheria  Draperi,  sp.   nov.      la,   carapace  with   the   left  valve,   partly 

preserved,  lying  upwards ;  enlarged  2  diameters,     lb,  outline,  natural  size. 

Uf  portion  of  the  ornament,  magnified  25  diameters.     Eastern  side  of  the 

Platberg,  Natal. 
Fio.  2.  Estheria  Stowiana,  sp.  nov.     2a,   ri^ht  valve, '  ma^ified  15  diameters. 

2b,  outline,  nat.  sixe.    Eastern  side  of  the  Platberg,  Natal. 
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"FiQ.  Z,  Diseinoearit  Broumtamtf'K.W,    Modified  by  pressiire.    HolEat.    Magnified 

2  diameters. 
Fio.  4a,  4^.  Portions  of  two  bodies  or  abdomens  of,  probably,  2>.  Brwpniana.    On 

the  same  shale  with  Fig.  3.     Magnified  3  diameters. 
Fig.  5.  Discinoearis  Brotcniana^   H.  W.     Modified  by  preasare.      Garpel  Linn, 

Moffat.     Magnified  2  diameters. 
Fio.  6.  Aptyehopsit  H^iUoni,   H.  W.    Left-hand  moiety  of  a  carapace.    Dnff- 

Kinnel  Bum,  Moffat.    Magnified  2  diameters. 
Fio.  7.  Bli/mocarisHindei^sp.noY,    Magnified  1|  diameters.    DeTonian;  Arkona, 

Ontario,  Canada. 


II.— Rbstobation  of  Elothbbium. 

By  Prof.  0.  C.  Marsh,  M.A.,  Ph.D.,  LL.D.,  F.G.8. ; 
of  Tale  College,  New  Haren,  U.S. 

(PLATE  X.) 

THE  genas  Etotherium,  established  by  Pomel  in  1847,  represents 
a  family  of  extinct  mammals,  all  of  much  interest.  They 
were  first  found  in  Europe,  but  now  are  known  in  the  Miocene  of 
North  America,  not  only  on  the  Atlantic  coast,  but  especially  in  the 
Bocky  Mountain  region,  and  still  further  west  lliis  family  includes 
several  genera,  or  subgenera,  and  quite  a  number  of  species,  some 
of  which  contain  individuals  of  large  size,  only  surpassed  in  bulk 
among  their  contemporaries  by  members  of  the  Bhinoceros  family, 
and  of  the  huge  Broniotherida, 

Bemains  of  this  group  have  thus  been  known  for  nearly  half  a 
century,  yet,  until  recently,  comparatively  little  had  been  determined 
with  certainty  regarding  the  skeleton,  or  of  the  skull  except  the 
dentition,  although  Aymard,  Leidy,  Kowalevsky,  and  others  have 
made  interesting  contributions  to  the  subject.  In  a  late  paper  ^  the 
writer  gave  figures  of  a  finely  preserved  skull,  and  also  of  a  fore  and 
hind  foot,  of  one  of  the  largest  species,  Ehtherium  crasaum,  Marsh ; 
and  in  the  present  article  an  attempt  is  made  to  restore  the  entire 
skeleton  of  this  animal,  to  serve  as  a  typical  example  of  the  group. 

The  restoration,  one-twelfth  natural  size,  given  on  Plate  X., 
represents  a  fully  adult  individual,  which,  when  alive,  was  more 
than  seven  feet  in  length  and  about  four  feet  in  height  The 
basis  of  this  restoration  is  the  type  specimen  of  Eloiherium  erasaumy 
which  was  found  by  the  writer  in  1870,  in  the  Miocene  beds  of 
North-Eastem  Colorado,  and  described  in  1873.'  A  number  of  other 
specimens  since  obtained  in  the  same  region,  and  still  others  from 
essentially  the  same  horizon  in  South  Dakota,  all  evidently  pertaining 
to  this  species,  were  likewise  used  in  the  restoration. 

The  type  specimen,  although  incomplete,  includes  portions  of  the 
skull,  with  various  vertebrsa  and  bones  of  the  limbs  and  feet,  and 
these  were  sufficient  to  determine  the  general  form  and  proportions 
of  the  animal  here  restored.  The  additional  specimens  used  are 
mostly  in  good  preservation,  and  some  of  them  are  almost  as 
perfect  as  in  life.  Hence,  the  skeleton,  as  represented  in  Plate  X., 
is  believed  to  be  correct  in  all  its  essential  features. 

*  American  Journal  of  Science,  vol.  xlvi.  p.  408,  pi.  viii.  Noremher,  1893. 

*  Jbid.  vol.  V.  p.  487,  June,  1873. 
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Looking  at  the  skeleton,  as  here  shown,  it  is  evident  that  the 
most  striking  features  are  the  large  and  peouliar  skull,  and  the 
elongate  and  slender  limbs  and  feet— oharaoters  that  do  not  in  them- 
selves suggest  the  suilline  affinities  of  the  animal,  which  a  closer 
study  brings  to  light.  The  most  notable  points  in  the  skull,  as  here 
indicated,  are  the  long,  pendent  process  of  the  malar  bone,  charac* 
teristic  of  some  of  the  sloths,  and  the  strong  projections  on  the 
lower  jaw.  The  latter  supplement  the  malar  process,  but  are  de- 
veloped to  a  greater  degree  than  in  any  other  mammals.  Another 
feature  of  the  skull  to  which  the  writer  has  already  called  attention 
is  the  very  small  brain-case,  which  proves  that  the  brain  itself  was 
very  diminutive.  This  was  also  true  of  the  other  known  species,  and 
was  probably  the  main  reason  which  led  to  the  early  extinction  of 
the  whole  group. 

The  slender,  highly  specialized  limbs  and  feet  are  likewise  par- 
ticularly noticeable  in  the  restoration.  They  indicate  clearly  that  the 
animal  was  capable  of  considerable  speed,  and  this  must  have  been 
of  great  service  as  a  protection  from  its  enemies.  It  will  be  seen 
that  in  each  foot  there  are  only  two  functional  digits,  corresponding 
to  the  third  and  fourth  in  man.  The  first  digit  is  entirely  wanting, 
and  only  remnants  remain  of  the  second  and  fifth. 

Such  reduction  was,  of  course,  a  gradual  process,  extending  over 
long  geological  periods.  It  indicates  clearly  a  change  of  environ- 
ment from  the  swampy  home  of  the  primitive  five-toed  suilline  to 
the  elevated,  firm  upland  of  later  times,  over  which  the  present 
species  and  its  near  allies  doubtless  roamed.  A  parallel  instance, 
still  more  striking,  is  seen  in  the  gradual  change  which  took  place 
in  the  equine  mammals,  as  first  shown  by  the  writer  more  than 
twenty  years  ago.* 

The  Elotherida  were  evidently  true  suillines,  but  formed  a  collateral 
branch  that  became  extinct  in  the  Miocene.  They  doubtless  branched 
off  in  early  Eocene  time  from  the  main  line,  which  still  survives 
in  the  existing  swine  of  the  old  and  new  worlds. 


III. — On   Tehnocheilus  coronatus,   M'Coy,  from   the   Carboni- 
ferous LiMBSTONB  OF  StSBDSN  HiLL,  NEAR  CrAOOE,  YoRKSHIKE. 

By  Arthur  H.  Foord,  F.G.S.,  of  the  Royal  Dublin  Society,  Dablin ;  and 
G.  C.  Crick,  Assoc.  R.S.M.,  F.G.S.,  of  the  British  Museum  (Natmral  History). 

TBE  specimens  which  form  the  subject  of  this  paper  were 
obtained  by  Mr.  E.  J.  Garwood  from  the  Carboniferous 
Limestone  of  Stebden  Hill,  near  Cracoe,  Yorkshire;  and  the  writers 
are  indebted  to  the  kindness  of  Mr.  Garwood  for  permission  to 
describe  them.  Bespecting  the  horizon  and  locality  from  which  the 
species  came,  Mr.  Garwood  says,  in  a  letter  to  one  of  the  writers : 
"Stebden  is  a  hill  which  Tiddeman  [of  the  Geological  Survey] 
describes  as  one  of  his  knoll  reefs,  and  is,  in  my  opinion,  the 
equivalent  of  the  Upper  Scar  limestone  on  the  south  side  of  the 
Craooe  fault,  where  it  is  much  more  fossiliferous  than  on  the  north 

1  Americaa  Joamal  of  Science,  toL  rii.  p.  267,  March,  1874. 
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(i.<.  Psn-y-goDt,  logleboro,  oto.)."  Hr.  Garwood  bAAm  :  "  Both  of 
the  Bp«oim«iu  wen  mooh  luger,  whsn  flnt  oxpoaed  in  the  matriz; 
but  ths  rook  wu  bo  jointed,  and  the  onter  whorl  [bodj-ohambsr?] 
■o  hollow,  «nd  replBcsd  b;  wloite  oryitala,  that  only  fngmenti  of 
this  oonld  be  obt&med,  and  a  good  deal  wh  broken  Mfon  1  oould 
diacoTor  the  aitent  of  the  foasil  m  tilK." 

The  olon  memblaooe  of  the  preeent  form  to  the  Temmoekmiu 
eortmafu  of  UKToj  will  be  apparent  to  any  one  acquainted  with  that 
■peoiee.  either  throogh  the  fignre  given  of  it  in  the  "Synopniof 
Ins  OarboniferoQB  FoMila  of  Ireland"  (pi.  iv.  fig;  16),  or  by  diraot 
knowledge  of  the  Bpedmen  iteelf  in  the  MnBeum  of  Si^enoe  and  Art, 
Dublin.  M'Goy's  roeoimen,  which  oame  fiom  the  CarbonifwDOB 
Limestone  of  Little  Island,  near  Cork,  ia,  however,  greatly  dialorted 
by  oleaTBge,  and  ia  apparently  innnatnre. 

In  hie  "British  Falmnoio  FoedU"  (p.  567),  IfCoy  tefemd  to 
this  speoiee  some  examplea  from  the  CBrboniferoas  Limeatone  of 
Lowiok,  Northumberland,  and  theeo  enabled  him  to  amend  hii 
original  deeoription  of  the  speoiea.  Theae  Bpeoimene  are  now 
preeerred  in  the  WoodwBidian  Unseam,  Cambridge ;  one  ia  fuHy 
complete  and  fonr  are  fragmentary.     They  are  all  internal  outa  and 


Tunnoehtilut  eoronaiia 
abont  130  mm.  in 
anatber  ■pecimeu  a 
growth,     a  and  b  ■ 


M'Coy. — a.  latfrsl  Tien  o(  inner  whorls  of  an  ei»niple 
diameter ;  t,  peripheral  riew  of  the  game ;  e,  tubercle  of 
t  a  (Cameter  of  aboat  120  mm.,  ahowin^  the  coans  line*  ol 
ire  alightlj  reduced,  s  ia  of  the  natural  aize. 


bear  only  fragments  of  tbs  t«st;  bat  upon  the  inner  whorl  of  the 
tolerably  oomplete  example  there  is  an  indication  of  the  loDgitndinal 
ornamentation  of  the  test,  and  this  is  just  as  in  M'Coy's  type- 
specimen  ;  moreover,  the  dimensions  and  other  oharaotora  of  these 
examples  agree  so  closely  with  K'Coy'e  type,  that  we  think  tbera 
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cannot  be  any  donbt  as  to  their  identity.  But  Mr.  Grarwood's 
specimens  (there  are  two)  are  in  such  a  fine  state  of  preservation, 
and  probably  nearly,  if  not  quite,  mature,  that  they  enable  us  to  add 
somewhat  even  to  McCoy's  amended  description  of  the  species. 
One  specimen  has  a  diameter  of  125  mm. ;  the  other,  the  inner 
whorls  of  which  are  represented  in  the  accompanying  figure  (the 
outer  being  omitted  to  save  spcice),  was  somewhat  larger. 

The  shell  consists  of  rather  more  than  three  whorls,  and  there 
is  a  central  elliptical  vacuity  whose  diameters  are  10  and  7  mm. 
respectively.  The  septa  am  about  10  mm.  apart  on  the  periphery, 
where  the  shell  has  a  diameter  of  90  mm.  The  ornaments  consist 
of  a  row  of  tubercles  situated  at  the  junction  of  the  umbilical  and 
peripheral  borders.  Beginning  at  about  the  mid-length  of  the  first 
whorl  as  obscure  undulations,  the  tubercles  gradually  increase  with 
the  growth  of  the  shell,  until  at  about  the  second  whorl  they  have 
become  large  and  prominent.  They  are  of  a  flattened  conoidal 
form  and  slightly  elongated  longitudinally.  There  are  fourteen 
tubercles  per  whorl  in  an  adult  shell.  The  test  is  thin,  its  surface 
marked  with  fine  strisB  of  growth,  forming  an  obscurely  sigmoid 
curve  upon  the  sides,  and  bent  backwards  in  a  deep  sinus  on  the 
periphery,  where  they  become  much  coarser  in  the  adult  shell, 
especially  in  crossing  the  tubercles  (see  Figure).  The  ornamen- 
tation of  the  young  shell  is  that  which  is  characteristic  of  most,  if 
not  of  all,  of  the  coiled  Nautiloids,  including  the  recent  Nautilus, 
viz.  fine  longitudinal  raised  lines,  crossed  by  still  finer  ones,  and 
thus  forming  a  beautiful  cancellated  structure.  The  transverse 
lines  become  obsolete  before  the  end  of  the  first  whorl,  but  the 
longitudinal  lines  die  out  at  about  the  end  of  the  first  fourth  of  the 
second  whorl,  among  the  last  to  disappear  being  two  lines  just 
below  the  tubercles. 

Some  differences  are  observable  between  McCoy's  type  and  the 
Yorkshire  form,  the  peripheral  area  in  the  former  being  a  little 
wider  than  that  of  the  latter,  and  the  sides  of  the  umbilicus  rather 
steeper ;  the  tubercles  also  are  more  flattened  than  they  are  in  the 
English  fossil.  These  differences,  however,  may  be  rightly  attri- 
buted, we  think,  to  the  distortion  undergone  by  M'Coy's  specimen, 
the  lateral  pressure  having  widened  the  periphery,  while  at  the 
same  time  altering  the  true  form  of  the  umbilical  region.  McCoy's 
figure  (pi.  iv.  fig.  15)  represents  a  more  perfect  specimen  than  the 
one  from  which  it  was  drawn,  unless  the  latter  has  since  been 
damaged.  The  only  species  with  which  M'Coy,  when  describing 
his  species,  compared  it  is  the  Nautilus  [^=:Ccelonautilus'}  carini/erus^ 
of  J.  de  C.  Sowerby,  tuberculated  species  of  the  group  now  called 
Temnoeheilus  being  probably  rare  at  the  time  M'Coy  wrote.  But  in 
his  "British  PalsBOzoic  Fossils"  (p.  558),  M*Coy  in  referring  to  this 
species  says :  "  This  exceedingly  rare  species  is  distinguished  com- 
pletely from  the  N.  tuberculatus  *  by  the  great  thickness,  or  width, 
of  the  mouth  as  compared  with  the  diameter,  the  much  more  rapidly 

*  J.  de  C-  Sowerby,  Min.  Con.  vol.  t.  p.  130,  pi.  cccclxxxii.  fig.  3  (excl.  fig.  4). 
'  J.  Sowerby,  Min.  Con.  toI.  ill.  p.  90,  pi.  ccxux.  fig.  4. 
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enlarging  whorls,  madi  deeper  and  narrower  nmbilioas,  direotioii 
of  the  flattening  of  the  tnberolea,  aontely  elliptioal  form  of  the  tnuu* 
▼erse  section  of  the  whorls,  and  forwari  instead  of  backward  wave 
of  the  edge  of  the  septa  at  the  middle  of  the  periphery."  We  have 
examined  J.  Sowerby  s  type  of  NamtUui  taberealaliit,  which  is  in  the 
British  Museam  (Nat.  Hist),  and  haYe  no  donbt  that  it  is  spedfioally 
distinct  from  H*Coy's  species. 

De  Koninck,*  in  describing  the  present  species  from  Vise,  Belgiamt 
compares  it  with  N.  hiangtdaiuM,  J.  de  C.  Sowerby  [^^szCoeUmaniilni 
eariniferut,  J.  de  0.  Sowerby],  and  wtih  NamiUuB  Isfrercti/atet,  J. 
Sowerby,  and  NauUluM  laUu,  Meek  and  Worthen.  He  distingniahM 
H'Coy's  species  from  Sowerby's  and  Heek  and  Worthen's  by  its 
smaller  size,  the  greater  relative  height  of  its  aperture^  the  depth 
of  its  ambilions,  and  the  form  of  its  septa.  As  far  as  can  be  judged 
by  the  figures  there  seems  much  to  justify  de  Koninck's  identifioa* 
tion  of  the  Vise  fossil  with  TemnockeiluM  eonmaltif ;  and  Mr.  Gkurwood 
in  a  letter  to  one  of  the  writers  expresses  the  same  view,  he  having 
seen  the  specimens  in  the  Natural  History  Museum  at  Bmsaels  kst 
autumn. 

Inhere  is  a  small  but  well-preserved  specimen  in  the  Woodwardian 
Museum,  Cambridge,  from  the  Carboniferous  Limestone,  Settle, 
Yorkshire,  which  we  think  belongs  also  to  this  species. 

Finally,  our  best  thanks  are  due  to  Mr.  W.  W.  Watts,  of  the  Geo- 
logical Survey,  through  whom  we  obtained  access  to  Mr.  Garwood's 
specimens,  and  to  Prof.  Hughes  and  his  assistants,  Messrs.  Woods 
and  Reed,  for  their  kindness  in  allowing  one  of  us  to  examine  M'Goy's 
types  in  the  Woodwardian  Museam,  Cambridge. 


IV. — JuBASSio  Ammonites:  Notes  on  a  Pamphlet  by  Pkofessob 

GuiDO  Bonabelli.' 

By  8.  S.  BucKMAN,  F.G.S. 

ITALIAN  geologists  have  made  several  valuable  contributions 
to  our  knowledge  of  the  Jurassic  strata  of  their  country. 
Unfortunately  some  of  their  works  are  not  known  here  as  they 
deserve  to  be,  and  seem  difficult  to  obtain.  At  the  same  time  I 
have  to  acknowledge  with  thanks  the  receipt  of  some  valuable 
memoirs  which  have  been  of  particular  service;  and  one  of  the 
latest  arrivals  is  the  present  pamphlet. 

This  memoir  deals  with  what  has  usually  been  called  "Upper 
Lias  "  and  "  Lower  Inferior  Oolite  ** ;  but  these  terms  the  author 
proposes  to  replace  by  **  Toarcian  "  and  "  Aalenian."  He  deals,  first, 
with  the  palaeontology,  and  mentions  various  well-known  species, 
some  of  which  we  are  familiar  with  in  this  country,  but  others  are 
peculiar  to  the  districts  adjacent  to  the  Mediterranean.  In  this  con- 
nection it  may  be  noted  that  Eammatoeeraa  in  a  great  measure,  and 

*  Faiine  du  Calcaire  Carbonif ^re  de  la  Belgiqne  (Annales  da  Mus.  Boy.  d*Qist. 
nat.  de  Belgique,  vol.  ii.),  part  L  1878,  p.  116,  pi.  xxiv.  ff.  24i,  b, 

^  Ossonrazioni  8u1  Toarciano  e  TAleniano  delr  Apennino  oentnde.  Boll.  d.  Soc. 
geoL  italiana,  toI.  xii.  fasc.  2,  pp.  196-254.    Borne,  1893. 
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Eryeties  edpeoiaHy,  belong  to  the  Mediterranean  regions ;  while  the 
Lytoceratites '  were  partioularly  abundant — in  fact,  individually  and 
speoifically  they  would  seem  to  have  flourished,  in  the  Mediterranean 
distriots  as  compared  with  this  country,  as  ten  to  one. 

Two  new  genera  are  introduced  in  the  present  pamphlet,  namely, 
Paronieeras  (Prof.  Parona)  and  ColUna  (derivation  not  given,  but 
perhaps  from  ColUnnSf  « of  a  hill ").  The  type  of  Paronieeras  is 
Am.  stemcUis  (von  Buch)  ;  and  concerning  its  value  in  our  opinion 
see  the  appended  paper  on  "The  genus  Cymbites.'*  The  type  of 
CoUina  is  a  new  species,  **  gemma,**  which  may  be  described  as 
a  carinate  Daeiylioeeras  allied  to  mucronatnm  (d'Orbigny).  The 
carination  appears  to  be  the  feature  which  separates  CoUina  from 
Daeiylioeeras;  and  if  it  can  be  shown  that  Daeiylioeeras  split  up 
into  two  branches,  one  of  which  developed  a  carina,  and  the  other 
remained  uncarinate,  the  genus  CoUina  (?  Collinus)  will  have  good 
foundation. 

Among  specific  names  to  be  noted  are,  first,  the  application  of 
Oppel's  "iserensis"  to  Am,  erhaensis  (Dumortier,  non  Hauer),  a 
very  necessary  correction ;  and,  second,  the  new  name  **  Coeloeeras  ? 
Marioiii "  applied  to  Am.  Bumphriesianus  nodosus  (Quenstedt,  Jura, 
pi.  54,  fig.  4).  This  name,  however,  is  superfluous,  and  must 
rank  as  a  synonym ;  because  Hyatt  has  already  applied  the  name 
**  nodosum"  to  this  very  figure :  he  called  it "  Siephanoceras  nodosum"^ 
It  may  be  remarked  that,  in  translating  Quenstedt's  trinomial  or 
qnadrinomial  system  into  modern  currency,  the  first  two  names, 
say  "Ammoniles  Humphriesianus"  are  really  generic,  and  are  con- 
cisely written  "  Siephanoceras  **  or  '*  Cceloceras"  while  the  third  name 
thus  becomes  specific;  and,  unless  the  restricted  genus  already 
contain  the  same  name,  Quenstedt's  third  name  should  always  be 
nsed.  Further,  both  Cceloceras  and  Daeiylioeeras  have  priority  of 
Siephanoceras,  while  a  name  Siephanoceros  was  already  in  use  for 
a  genus  of  Rotatoria.' 

Prof.  Bonarelli  places  as  Toarcian  the  Falciferum'  to  Jurense-zoneSt 
and  as  Aalenian  the  Opalinum'  to  Concavum- zones.  He  discusses  the 
division  between  "Lias"  and  ''Jura,"  and  his  conclusion  is  thus 
expressed  (p.  254) :  **  In  the  Central  Apennines  the  most  natural 
division  between  Lias  and  Jura  which  it  is  possible  to  adopt  is 
precisely  that  proposed  by  Miinster  and  upheld  by  Yacek."     That 

^  I  propose  thifl  name  as  a  sort  of  colloquial  word,  codctuous  with  Ammonites, 
CeratiteSy  Goniatites,  etc.,  to  distinguish  those  genera  which  are  certainly  not  true 
Ammonites,  either  in  characters  or  by  descent,  namely,  Lytoeeras,  Fleuracanthites, 
Fhylloceras,  ManophiflliteSy  etc.  They  are  characterized  by  the  phylliform  cells  of 
the  septa,  and  probably  by  the  absence  of  any  calcareous  Aptychus  or  Anaptychus. 
Lytoceratites  are  biologically  lower  than  Ammonites,  though  they  are  collateral  and 
coeval.  They  were  separated  by  Hyatt  (Genesis  Arietidse,  p.  4)  as  Lytoceratitut ; 
but  this  places  Zytoeeratina  superior  to  Lytocerat\d€By  wnereas  it  should  be  of 


inferior  rank.  The  terms  Lytoeerataeem  and  Ammonaeea  (the  latter  used  many 
yean  ago)  might  indicate  Lytoceratites  and  Ammonites  respectiTely,  and  be  sub* 
divisions  of  Ammonoidea, 

>  "  Genetic  Belations  of  Siephanoceras,*^  Proc.  Boston  Nat.  Hist.  Soc.  vol.  18, 
p.  386,  1876. 

*  Hyatt,  op.  Hi.  p.  368  (E.  B.  Tawney*8  information). 
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is  to  8ay»  np  to  the  Cauawmm-wodii^  inolaamy  !■  ^LiM»"  aboTe  it 
''Jora."  It  may  be  remarked  that  no  local  lithologioal  detaih, 
whether  in  the  CSentral  Apenninea  or  in  thia  oonntry,  can  have  the 
least  consideration  in  regard  to  the  division  ultimately  adopted. 
It  mast  be  settled  solely  on  palsBontologioal  data;  and  the 
following  facts  may  be  noted,  ihat»  below  the  CMeaean-aone,  the 
AritHdm  and  Bildauratidm  (practically  the  carinate  Ammonites)  ars 
dominant;  after  that  date  the  StepJkaaocsraluItf  hold  the  field.  This 
distinction  is  of  European,  and  possibly  of  worldwide,  application ; 
while  a  lithologioal  test  is  of  merely  parochial  nsefulness — aometames 
not  even  that 


Y. — ^NoTB  OH  SKDimcMTa  Dbbdosd  vbom  TBI  Ehoubh  Lakss. 

By  W,  Matiubd  HurcHnfos,  F.0.8. 

DB.  H.  C.  MILL  has  recently  made  elaborate  bathometric 
snrreys  of  the  principal  English  lakea,  and  whilst  taking  the 
soundings  he  has  collected  a  series  of  samples  of  the  bottom-deposits, 
for  the  purpose  of  mioroeoopio  study. 

At  the  request  of  Mr.  Marr  I  undertook  a  careful  mineralogical 
examination  of  these  samples,  and,  though  nothing  very  striking 
or  specially  interesting  has  resulted  from  the  work,  it  may  be 
worth  while  to  record  in  the  Gkologioal  Maoazink  the  fact  of  such 
an  examination  having  been  made,  and  to  state  the  mineralogical 
and  other  observations  noted. 

After  some  preliminary  experiments,  the  method  of  dealing  with 
the  sediments  finally  adopted  was  as  follows.  Each  sample  was 
passed  through  a  sieve  of  180  holes  per  linear  inch,  and  only  the 
material  fine  enough  to  pass  this  mesh  was  submitted  to  microsoopio 
examination  at  all.  From  this  first  portion  a  second  was  separated 
by  a  sieve  of  250  holes  per  indi,  and  from  this  again  a  fine  slime 
was  washed  out  by  levigation  in  beakers ;  also  a  separation  of  the 
heavier  minerals  of  the  deposits  was  made  by  means  of  a  solution 
of  Sp.  G.=3.  llie  four  grades  of  material  so  obtained  were  ex* 
amined  mounted  in  balsam  and  in  water. 

I  have  been  much  struck  by  the  fact  that  most  of  the  samples 
show  great  tenacity  when  dried,  and  great  plasticity  when  made 
into  a  paste  with  water.  This  high  degree  of  tenacity  and  plasticity 
was  unexpected,  in  view  of  the  large  amount  of  quite  angular  and 
gritty  material  contained,  and  the  relatively  small  proportion  of 
mineral  matter  in  a  sufficiently  fine  state  of  division  to  be  compared 
to  the  ordinary  clays.  Partly,  however,  these  qualities  are  due  to  a 
considerable  amount  of  organic  matter  of  vegetable  origin,  and  to 
abundant  diatoms  and  other  mineral  organisms  and  their  remains. 

The  mineralogical  composition  of  the  deposits  is,  in  the  main, 
exactly  what  would  be  expected  from  a  knowledge  of  the  rocks  in 
the  respective  areas  drained,  though  there  are  one  or  two  examples 
of  minerals  which  occlir  in  the  sediments  in  greater  abundance  than 
would  have  been  looked  for,  as  e.g.  hornblende,  both  green  and 
brown,   occurring  in  lakes    receiving   the    drainage  of    areas  of 
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"volcanics/*  thongh  that  mineral  is  rarely  recorded  as  ooou 
in  the  rooks  in  question. 

Also  there  is  no  practical  difference  to  be  observed  in  the  ni 
of  the  deposits  in  different  lakes  which  receive  the  waters 
areas  of  similar  general  nature.  Bassenthwaite,  however,  v 
receives  the  waste  of  an  area  of  sedimentary  rocks,  with  an  al 
total  exolnsion  of  "  volcanics,"  has  a  deposit  very  different  in  n; 
from  those  of  the  other  lakes. 

Taking  the  lakes  which  receive  the  drainage  of  volcanic 
pure  and  simple,  the  minerals  identified  are : — 

Quartz. 

Felspars. 

Garnet. 

Bhombic  Pyroxene  (rery  scarce  and  only  in  Wastwater). 

Hornblendes. 

MuBcoyite. 

Biotite. 

Epidote. 

Chlorite. 

Calcite. 

Zircon. 

Butile  }  ^  ^1*^*  fragments  only. 

Hematite. 

Magnetite. 

Amongst  the  felspars  the  varieties  identified  are  orthoclase,  a 
labradorite,  anorthite,  and  a  few  bits  of  microcline.' 

^  The  felspar-fragments  in  these  deposits  are  not  well  suited  for  identificat 
Tarieties,  as  they  are  to  a  great  extent  quite  irregular,  ragged  bits,  few  of 
showing  any  definite  boundmes  or  cleavages  with  wnich  to  correlate  extinctio: 
optic  figures.  The  larger  bits  (y^  inch)  are  mainly  more  or  less  turbid,  lik< 
of  the  felspars  in  the  rocks  from  which  they  are  derived ;  but  among  the  s 
erains  of  the  more  finely-sifted  materials  there  are  plenty  of  clear  fresh  bits 
found. 

It  may  be  remarked,  in  this  connection,  that  even  with  very  imperfect  ma 
both  in  a  fragmental  condition  and  in  rock -sections,  a  ^ood  deal  more  can  be  d 
the  way  of  identification  than  is  often  supposed,  by  making  uao  of  Schuster's  n 
of  extinctions,  in  conjunction  with  a  careful  apphcation  of  the  figures  in  conv 
polarized  light.  It  is  often  not  necessary  to  have  cleavage-flakes  sufficientl; 
to  enable  the  si^n  as  well  as  the  angle  of  extinction  to  be  determined.  Thus,  si 
we  have  a  very  imperfect  flake,  or  an  irregular  bit  in  a  slide,  showing,  howev( 
good  cleavaee- crack  or  boundary.  If  we  find  the  extinction  is  18° — 20°,  me 
against  this  line,  and  if  we  have  at  the  same  time  an  undoubted  emergenci 
poiitive  biteetria  not  quite  central  in  the  field,  then  we  know  that  we  have 
A  similar  fragment  or  bit  in  a  section,  givincr  an  extinction  of  about  36°,  ^ 
sharp  and  distinct  axial  bar  well  within  the  fiela,  but  near  its  edge,  will  be  ano 
Other  determinations  may  be  made  in  this  way  on  very  unpromising  me 
provided  the  optic  figures  are  understood  and  are  carefully  used  as  a  ^d 
no  attempt  is  noade  to  draw  inferences  except  when  these  figures  can  be  detei 
beyond  question. 

This  is  not  an  appropriate  place  in  which  to  ^  more  fully  into  this  subject, 
can  be  easily  followed  out  by  studying  the  details  given  in  Kosenbusch,  or  in  ' 
** British  Petrography"  or  other  works,  as  to  Schuster's  method,  and  the 
figures  on  the  M  flakes  of  the  different  felspars. 

To  •btain  good  results  it  is  necessary,  as  I  pointed  out  in  previous  remarks 
determination  of  felspar  (6bol.  Mao.  January,  1894,  p.  41),  to  have  efficient 
apparatus.     In  very  thin  flakes,  or  in  bits  in  thin  sections,  owing  to  the  vc 
poIazization-tintB,  it  is  often  difficult  to  determine  the  extinctions  with  su 
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The  hornblende  is  partly  green  and  fibrons,  saoh  as  resnlts  from 
the  alteration  of  augite ;  but  a  good  many  bits  of  the  deep-brown 
compact  variety  occur,  more  probably  of  original  volcanic  origin. 

The  muscovite  is  of  two  kinds.  In  the  finer  portion  of  the 
materials  the  mica  is  abundant  as  small,  usually  greenish  flakes  of 
sericitic  nature,  such  as  one  sees  plentifully  in  the  altered  felspars, 
and  in  the  mass,  of  the  lavas  and  ashes  of  the  district  In  the  larger- 
grained  portions  of  the  deposits  examined  there  are  larger  flakes  of 
mnsoovite  than  are  seen  in  these  rocks. 

The  biotite  is  all  of  this  larger  kind.  It  is  to  be  recollected  that 
the  deposits  contain  the  waste  not  only  from  the  rocks  of  the  district 
in  8itu,  but  also  from  the  materials  of  the  surface-drift,  and  it  is  to 
this  latter  that  we  must  probably  refer  some  of  the  minerals  found, 
as  notably  the  microcline  and  biotite  and  some  of  the  larger  flakes 
of  muscovite,  though  in  the  case  of  Wast  water  these  latter  minerals 
may  have  come  from  granitic  rocks  in  situ. 

Taking  Bassenthwaite  as  representing  the  deposits  from  an  area 
of  slate-rocks,  we  still  find  closely  the  same  qualitative  list  of  minerals, 
but  a  totally  different  quantitative  arrangement  of  them.  Thus, 
felspar  is  scarce,  and  among  it  plagioclase  is  rare.  Chlorite  is  also 
scarce,  in  contrast  to  its  great  abundance  in  the  deposits  from  Uie 
'*  voloanics."  The  great  bulk  of  the  material  consists  of  flakelets 
of  slate,  showing  quartz  and  mica,  and  crowded  with  minute  rutile- 
needles.  The  finest  portions  consist  mainly  of  the  minute  scales  of 
mica  from  these  slates,  with  the  mtile-needles  and  with  a  good 
many  of  the  small  anatase  crystals  characteristic  of  clays  and  shales. 

Tourmaline  is  present,  not  only  as  clastic  grains  as  in  the  other 
lakes,  but  also  as  the  small  green  hemihedral  crystals  characteristic 
of  the  slates,  etc.  In  the  deposits  from  the  **  volcanics  "  the  quartz, 
like  the  other  minerals,  is  all  present  as  angular  fragments  or  flake* 
like  chips ;  the  distance  it  has  traversed  was  too  short  to  allow  of 
any  notable  amount  of  rounding  of  the  grains.  The  quartz  in 
Bassenthwaite  is  largely  in  a  more  smooth  and  rounded  form;  it 
represents  the  grains  which  were  already  well  worn  when  they 
were  deposited  as  part  of  the  materials  now  forming  the  Skiddaw 
slates,  etc. 

In  Derwentwater  we  have  a  lake  giving  a  mixed  deposit,  in  which 
both  "volcanics"  and  ** sedimentaries "  take  part  The  former, 
however,  much  predominate  in  an  average  sample  for  the  entire 
lake,  and  the  latter  are  only  in  evidence  by  a  very  few  minute  slate- 
fragments,  by  rutile-needles  and  by  small  crystals  of  tourmaline. 

accuracy.     For  this  purpose  a  Bertrand  quartz-eyepiece  (with  four  quartz  segments) 
will  be  found  of  the  greatest  service. 

The  discrimination  of  the  felspars  is,  of  course,  of  the  highest  importance  in  aU 
petro logical  work,  and  especially  so  in  the  study  of  metamorphic  rocks,  so  that  too 
much  stress  cannot  be  laid  upon  the  desirability  of  carryine[  it  out  in  all  cases  as 
fully  and  as  definitely  as  the  nature  of  the  material  will  afiow.  It  appears  to  be 
sometimes  left  undone,  or  very  vague,  where  there  is  no  necessity  to  so  leave  it ; 
or  it  is  even  left  undecided  whether  a  mineral  is  quartz  or  felspar, — an  uncertainty 
which  is  seldom  necessary  where  the  mineral  or  minerals  occur  in  any  reasonable 
quantity  in  a  slide. 


Dr.  Munie — Note^  an  Rmuian  Qeohgy — The  Black  Earth.      303 

YI.— NOTKS  ON  BUSSIAN  GsOLOGT.^ 

By  W.  F.  Hums,  D.Sc.,  A.R.S.M.,  P.G.S. ; 
Demonstrator  in  Geology,  Boyal  College  of  Science. 

IIL  Thk  Black  Earth. 

IN  a  previoas  paper  on  the  Loess  of  S.  Russia,  I  endeayoiired  to 
discuss  its  character  and  origin,  and  to  compare  the  facts 
observed  with  the  results  obtained  by  many  students  of  the  latest 
phases  of  our  earth's  history.  In  so  doing  I  overlooked  two  articles 
on  this  subject,  which  appeared  in  the  Geological  Maqazinb  for 
1882,  and  embodied  the  views  held  by  Baron  von  Bichthofen  and 
Sir  H.  Ho  worth  respectively.  These  may  be  briefly  considered  ere 
we  turn  to  a  special  examination  of  the  structure  and  relations  of 
the  Black  Earth.  An  examination  of  Sir  H.  Howorth's  statements 
reveals  serious  points  of  disagreement  between  the  theories  pre- 
viously or  subsequently  suggested,  and  those  which  he  himself 
holds.  At  the  outset  (Joe.  di,  p.  12)  Sir  Henry  remarks :  **  Loess 
is  not  found  io  S.  Bussia,  nor  yet  in  the  flat  country  bordering." 
Such  a  proposition  would  be  deeply  resented  by  the  geologists  of 
that  country,  and  has  unconsciously  on  my  part  received  its  answer 
in  my  previous  paper,  where  I  have  shown  Loess  to  be  one  of  the 
most  striking  deposits  of  some  of  its  southern  governments,  and 
that  it  presents  all  the  most  important  features  mentioned  as  charac- 
teristic by  Baron  von  Bichthofen. 

But  Sir  Henry  goes  further,  and  having  successively  attempted  to 
crush  the  various  views  held  on  this  subject,  propounds  a  theory  of 
his  own,  which  may  be  considered  in  the  light  of  the  results  obtained 
from  the  particular  district  under  discussion.  The  proposition  prac- 
tically may  be  stated  thus  :  The  Loess  is  a  subterranean  or  volcanic 
product,  which  has  been  subsequently  distributed  by  diluvial  action. 

This  suggestion  is  also  extended  to  the  Black  Earth,  which,  it  is 
stated,  is  distributed  about  an  apparently  recently  disturbed  mountain 
focus,  viz.  the  Southern  Urals.  So  far  is  this  from  being  the  case 
that  the  Kharkov  government,  where  some  of  the  finest  Black  Earth 
districts  exist,  is  1000  miles  from  the  above  mountains,  and  over 
500  miles  from  the  Carpathian  range.  In  reality  the  country  is 
practically  undisturbed,  the  Tertiary  and  Cretaceous  beds  having  so 
small  a  dip,  that  the  slight  rolling  of  the  strata  is  only  observable  when 
the  conditions  along  a  line  of  over  fifty  miles  are  passed  in  review. 

Further,  there  are  no  traces  of  volcanic  action  in  any  of  these 
central  districts.  The  nearest  exposures  of  eruptive  rocks  are 
probably  the  Carboniferous  andesites  and  rhyolites  of  the  south 
of  the  Ekaterinoslav  government,  the  diabases  (probably  very  old) 
in  the  W.  of  the  same  province,  and  the  basalt  mass  rising  through 
the  Chalk  of  Central  Poland. 

Finally,  if  the  Loess  were  of  volcanic  origin,  it  would  contain 
traces  of  minerals,  and  possibly  of  structures  produced  under  such 
conditions.     Such  evidence  is  not  only  wanting,  but  is  d  priori  im- 

'  For  No.  I.  Cretaceous,  see  Gsol.  Mao.  September,  1892 ;  No.  II.  the  Loess, 
see  6bol.  Mao.  December,  1892. 
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probable.  Under  these  oircumstanoes  tbe  prime  oaose  operatiDg, 
according  to  Sir  H.  Howorth,  in  tbe  prodaction  of  Loess  and  Black 
Earth  appears  entirely  inadequate.  At  tbe  same  time.  Sir  Henry  ib 
to  be  thanked  for  tbe  number  of  facts  which  he  has  broogbt  together 
after  undoubtedly  long  and  careful  reading,  though  the  interpretation! 
he  has  put  upon  them  may  frequently  be  open  to  moob  adyerse 
criticism. 

The  second  theory,  that  of  Baron  von  Bichtbofen,  is  set  forth 
clearly  in  the  same  volume  as  the  above  (pp.  293-305),  and  further 
study  of  his  views,  there  brought  together  in  a  small  compass,  only 
serves  to  strengthen  my  belief  in  the  great  valne  of  bis  contribution 
to  this  subject 

It  is  not  necessary  here  to  repeat  how  completely  the  vast  majority 
of  the  conclusions  formulated  by  him  with  regard  to  the  Loess  have 
been  proved  to  be  applicable  to  the  sandy  clay  of  S.  Bussia. 
Further,  wherever  we  find  unbroken  land-shells,  and  remains  of 
a  typical  steppe  fauna,  there  the  presence  of  Loess  will  have,  in 
all  probabUity,  to  be  attributed  to  the  action  of  wind. 

Baron  von  Bichthofen  points  out  that  there  are  two  great  classes 
of  places  where  the  dust  of  continents  will  rest  permanently,  and 
continue  to  accumulate  through  ages : 

''The  first  includes  the  central  regions  of  continents,  where  the 
water  has  no  drainage  towards  the  sea,  but  is  collected  in  inland 
basins,  from  whence  it  gradually  disappears  by  evaporation.'*  (For 
further  details  see  p.  298.) 

"The  second  comprises  such  regions  as  the  prairies,  savannas, 
llanos,  pampas,  and  ateppeSf  where  there  is  an  alternation  of  a  dry 
and  a  rainy  season.  Where  this  occurs  the  amount  of  dust  put 
in  motion  and  distributed  through  atmospheric  agency  can  reach 
enormous  proportions."  Such  conditions  are  in  a  measure  prevalent 
in  S.  Eussia,  where  a  very  dry  summer  frequently  succeeds  the  long 
winter  snows,  and  an  autumnal  rainy  period  follows  tbe  summer 
droughts. 

As  regards  the  original  glacial  origin  of  the  Loess  advocated  by 
me,  Baron  von  Bichthofen  fully  agrees  in  regarding  it  as  partly 
resulting  from  glacial  trituration.  Indeed,  he  came  to  the  conclusion 
(**  China,"  vol.  ii.  p.  748)  that  the  time  of  the  deposition  of  the  Loess 
as  a  steppe  formation  in  Central  Asia  coincides  with  the  Glacial  era 
in  Europe,  and  in  Germany  it  appears  to  have  been  formed  after 
the  first,  and  before  (or  during)  the  second  glaciation. 

Practically,  then,  the  differences  between  the  views  held  by  Baron 
von  Bichthofen,  and  those  which  I  have  been  led  to  adopt,  are 
reduced  to  a  minimum.  Indeed,  one  cannot  but  be  struck  with  tbe 
keen  appreciation  of  every  point  of  importance  shown  by  him  in  his 
classical  treatises.  In  my  previous  paper  I  failed  to  comprehend 
Iiow  fully  he  had  discussed  the  subject  in  its  various  bearings,  and 
desire  here  to  tender  an  apology  for  my  unwitting  misrepresentation. 

Subsequent  to  the  publication  of  my  paper  in  the  Gbol.  Mag. 
December,  1892,  Prof.  Dokoutchaieff  of  St  Petersburg  published 
a  note  in  the  Bulletin  Soc.  Geol.  Beige,  January,  1893,  on  the  Loesd 
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of  S.  Eussia,  in  which  he  rejects  the  aeolian  theory,  and  advocates 
that  of  glacial  origin. 

He  considers  the  deposit  ander  several  heads : 

1.  The  Loess  may  be  of  glacial,  marine,  lacustro-fluviatile,  eluvial, 
or  diluvial  origin. 

2.  The  fine-grained  Loess  of  the  Poltava  or  Nijni-Novgorod  type, 
of  uniform  structure  throughout  its  thickness  (except  where  a  few 
small  erratic  blocks  are  present  in  its  lower  portions),  and  containing 
terrestrial  or  marsh-living  organisms  only  ;  this  Loess,  covering  the 
watersheds  and  ancient  slopes,  is  of  exclusively  glacial  origin,  and 
represents  the  finer  constituents  of  the  glacial  mud  deposited  over 
a  country  already  covered  with  vegetation,  and  inhabited  by  the 
typical  rodents  of  the  steppes  (as  the  Alaciaga,  the  Spermophiltu, 
the  Arciomya,  and  the  Lagomya) ;  by  the  Mammoth  and  Bhinoceros, 
and  occasionally  by  the  Beaver. 

3.  A  similar  Loess  occurs  sporadically  as  little  islands  throughout 
the  whole  of  the  districts  bearing  traces  of  glaciation,  sometimes  in 
the  inferior  sands  containing  erratic  blocks,  and  sometimes  in  the 
northern  brown  clays ;  but  they  become  less  frequent  as  we  approach 
the  sources  of  the  Kusso-Scandinavian  glacier. 

The  Glacial  Loess  occurs  principally  (1)  at  the  S.  and  S.E.  limits 
of  the  glacier  itself,  and  (2)  in  that  part  of  the  open  country 
immediately  contiguous  to  its  probable  boundary.  In  the  first  case 
it  may  cover  all  the  watersheds ;  in  the  second  it  will  only  be  in 
those  districts  where  the  absolute  height  is  inferior  to  that  of  the 
most  elevated  points  of  the  neighbourhood  occupied  by  deposits  of 
erratic  blocks.  For  example,  in  the  government  of  Poltava  the 
maximum  height  of  these  deposits  above  sea-level  is  210  metres, 
consequently  in  the  whole  of  the  lower  basin  of  the  Dnieper  it 
should  only  occur  at  heights  less  than  210  metres. 

4.  One  of  the  most  characteristic  peculiarities  of  the  Glacial  Loess 
is  the  presence  of  the  dark -grey  glacial  mud,  forming  a  definite 
but  interrupted  layer,  frequently  attaining  a  thickness  of  over  two 
metres.  It  is  distributed  in  patches,  containing  many  large  grains 
of  quartz,  and  sometimes  calcareous  inclusions.  The  humus  per- 
centage is  3. 

5.  In  the  eastern  wing  of  the  glacier,  that  of  the  Don,  the  Loess 
is  a  stratified,  coarse,  and  somewhat  porous  clay,  of  a  brown-grey 
colour,  but  its  origin  is  similar  to  that  previously  mentioned. 

6.  The  typical  Loess  is  absent,  and  cannot  in  general  exist  on  the 
very  ancient  portions  of  the  earth's  crust.  Exceptions  occur  along 
the  whole  of  the  Dnieper  Valley,  at  the  exterior  limits  of  the 
glacier,  and  on  the  littoral  of  the  Sea  of  Azov,  where  marine  are 
interstratified  with  glacial  deposits ;  Loess  possessing  the  type 
characteristics  also  occurs  in  the  south  of  Poland. 

7.  The  Asiatic  Loess  is  in  all  probability  partly  glacial  in  origin, 
but  may  be  also  eluvial,  diluvial,  or  alluvial;  only  in  isolated 
regions,  occupying  ravines  of  greater  or  less  depth,  will  it  be 
distinctly  of  SBolian  derivation.  Prof.  Dokoutchaieff  would  also 
remove  tiie  Loess  of  W.  Europe  from  the  aeolian  category. 

TtmrAnv  TV. — VOL.   l- — NO.   Vil.  «).C\ 
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8.  The  diluvial  deposits  of  the  government  of  Poltava  are  divisible 
into  three  horizons :  ( 1 )  A  fresh- water  marl  at  the  base ;  (2)  Bed  clay ; 
(8)  Loess ;  all  these,  however,  passing  gradually  into  one  another, 
whether  in  respect  of  organic  remains,  stratigraphical  position,  or 
lithological  character.  There  is  no  evidence  especially  favourable  to 
the  conception  of  more  than  one  Glacial  epoch. 

9.  Seeing  then  that  the  typical  Loess  is,  in  the  gOTomment  of 
Poltava,  restricted  to  the  region  of  inferior  morainic  deposits,  and 
only  extends  beyond  them  to  a  slight  extent;  viewing  the  fact  that 
it  is  completely  analogous  to  glacial  mud  oocorring  in  purely 
morainic  deposits,  erratic  blocks  also  being  sometimes  found  at 
its  base;  bearing  in  mind  also  that  Loess  may  be  found  below 
the  brown  morainic  clays — the  Loess  must  he  considered  as  a  glacial 
mud  deposited  from  glacial  ufaters. 

This  valuable  contribution  to  the  discussion  of  the  origin  of  Loess 
comes  from  the  pen  of  a  distinguished  geologist,  who  possesses  a 
wide  knowledge  of  the  superficial  deposits  of  Central  Russia  and 
the  Poltava  government.  It  seems  to  be  the  case  that  the  theory 
adopted  by  an  observer  depends  very  much  on  the  district  in  which 
he  first  studies  its  characters.  Those  who  examine  it  along  the 
boundary  of  the  old  Russo- Scandinavian  glacier,  a  boundary 
indicated  by  morainic  clays  containing  rocks  of  Finnish  origin,  are 
at  once  led  to  regard  the  Loess  as  a  product  of  glacial  activities. 
It  immediately  overlies  the  Boulder-clay,  is  stratified  at  the  base, 
and  clings  closely  to  the  ancient  line  of  ice-action.  Others,  travelling 
over  the  southern  steppe-land,  would  be  struck  by  the  tremendous 
activity  of  the  varying  wind-currents,  giving  rise  to  innumerable 
dust-olouds,  and  would  not  fail  (now  that  Baron  von  Richthofen  has 
called  attention  to  the  importance  of  these  phenomena)  to  r^ard 
these  remarkable  deposits  as  resulting  from  SBolian  action,  a  con« 
elusion  which  would  be  greatly  strengthened  by  the  discovery  of 
perfect  terrestrial  mollusca,  and  the  presence  of  a  true  steppe  fauna. 

As  to  the  glacial  origin  of  some  types  of  Loess,  most  students  of 
the  subject  are  now  in  agreement,  and  it  has,  as  above  stated,  been 
conceded  by  Baron  von  Richthofen  himself,  that  such  may  be  the 
case. 

But  it  is  by  no  means  restricted  to  the  boundary  of  the  glaciated 
area.  It  extends  all  along  the  right  bank  of  the  Dnieper,  and  is 
said  to  be  very  marked  on  the  banks  of  the  Don.  It  appears, 
therefore,  that  when  the  general  drainage  directions  of  the  country 
were  first  marked  out,  the  flooded  waters  carried  the  fine  glacial 
silt  with  them,  and  it  was  only  on  the  establishment  of  conditions 
similar  to  those  now  prevailing  that  the  rivers,  confined  to  narrower 
channels,  were  engaged  in  denuding  the  deposit  which  their  ancestral 
streams  had  assisted  to  transport 

Whilst  on  many  points  we  are  in  full  agreement,  Professor 
Dokoutchaieff  scarcely  does  justice  to  the  vast  importance  of  SBolian 
activities  operating  during  the  many  years  that  have  elapsed  since 
steppe-conditions  came  into  existence. 

After  a  reconsideration  of  the  literature  of  the  subject,  I  find  no 
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sason  to  modify  tbe  propositions  submitted  more  than  a  year 
go  (Geol.  Mao.  December,  1892).  These  are :  I.  That  the  Russian 
ioess  was  originally  the  fine  mud  derived  by  the  triturating  action 
f  the  ancient  glacier.  This  view  has  been  still  more  strongly 
rged  by  Prof.  Dokoutchaieff.  II.  That  it  was  deposited  by  slowly- 
loving  waters  (this  would  embrace  the  aspect  adopted  by  Prof. 
Lrmachevsky),  and  was  distributed  by  rivers  in  flood.  This  latter 
ction  would  account  for  the  great  southward  extension  of  the 
!iOe8s  along  the  valleys  of  the  Dnieper  and  the  Don,  and  would 
>y  inference  suggest  that  the  general  courses  of  these  two  great 
treams  were  already  marked  out  The  thick  deposits  in  the  Danube 
ind  Rhine  valleys  may  be  explained  in  the  same  way.  Here,  let 
ne  say,  seems  to  be  tiie  time  for  considering  that  mighty  diluvial 
change,  the  Deluge,  which  has  left  its  mark  on  the  old  historical 
"ecords  and  traditions  of  so  many  nations.  Sir  H.  Howorth 
weakens  his  argument  by  introducing  prime  causes,  which,  it  is 
»  be  feared,  he  will  have  great  difficulty  in  proving ;  but  as  one 
leeply  interested  in  modern  as  well  as  ancient  history,  I  should 
)e  delighted  if  he  could  bring  our  geological  data  and  the  monu- 
nental  references  into  perfect  accord.  Only  by  a  frank  acceptance 
)f  a  Glacial  period  in  some  limited  form,  will  he  be  able  to  attack 
he  serried  ranks  of  the  Uniformitarians  with  some  hope  of  success, 
}ut  combining  the  results  due  to  its  melting,  and  the  changes  in 
;he  mountain -structure  of  E.  Europe,  he  may  yet  hope  to  carry  on 
\  not  unsuccessful  warfare.  III.  The  glacial  and  diluvial  actions 
i^ere  mainly  restricted  to  the  earlier  periods  of  post- Glacial  history, 
ind  determined  the  general  geographical  relationships  of  the  Loess ; 
)ut  it  was  not  long  ere  the  wind  became  the  redistributive  factor, 
md,  acting  through  long  years,  established  those  numerous  charac- 
leristic  features  which  can  only  be  explained  by  means  of  an  asolian 
iheory  of  origin. 

Having  now  briefly  reconsidered  some  of  the  theories  with  regard 
:o  the  origin  of  the  Loess,  let  us  now  turn  to  the  study  of  the  Black 
Barth  as  it  is  developed  in  S.  Russia.  It  has  long  attracted  the 
ittention  of  geological  observers,  not  only  on  account  of  its  striking 
appearance,  but  also  because  of  its  rich  fertility  as  a  soil.  Its  wide 
listribution  has  been  specially  noted  by  Sir  R.  Murchison  (*'  Russia 
ind  the  Urals,"  p.  557),  where  he  says:  "Its  N.  limit  is  a  waving 
ine,  passing  from  near  Kieff  to  Tchemigov,  a  little  to  the  S.  of  Lichvin 
ilong  the  54°  latitude  line,  then  advances  E.  to  57°  N.  latitude,  and 
>ccupie8  the  left  bank  of  the  Volga  between  Nijni  Novgorod  and 
Kazan.  It  is  also  abundant  on  the  Kama  and  Ufa."  Its  wide 
occurrence  in  Siberia  is  then  noted,  as  also  its  presence  on  plateaux 
more  than  1000  feet  above  sea- level  in  the  Bashkir  country,  and  on 
both  flanks  of  the  S.  Urals.  "  It  does  not  occur  much  in  the  space 
occupied  by  the  Aralo-Caspian  beds,  nor  is  it  found  S.  of  the 
granitic  axis.  It  lies  on  rocks  of  all  ages  and  is  found  at  very  different 
levels.  The  northern  drift  is  succeeded,  if  not  actually  overlapped, 
by  the  Black  Earth."  It  has,  in  reality,  a  far  greater  western 
extension  than  has  been  ascribed  to  it  in  the  above  lines,  and  I 
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have  notioed  it  not  only  in  the  Jitomir  distriot,  about  a  hundred 
miles  to  the  W.  of  Rieff,  but  also  in  passing  from  Bnssia  into 
Austrian  Poland.  The  last  locality  at  which  it  was  actually 
observed  by  me  was  Jaroslavl,  a  town  situated  on  the  railway 
between  Cracow  and  the  old  city  of  Premysl.  Beyond  that  point 
Loess  alone  seemed  to  be  the  prevalent  surface  deposit  The  first 
point  of  importance  is  the  close  connection  existing  between  the 
Loess  and  the  Black  Earth.  Murchison  included  both  deposits 
under  the  common  term  Tohemozem ;  but  this  latter,  in  the  truest 
sense  of  the  term,  should  be  restricted  to  the  upper  strata,  rich  in 
humus  contents.  Schmidt  regards  it  as  practically  identical  with 
Loess  (Zeits.  Deutsch.  Geol.  Ges.  vol.  xxiz.  p.  830-31).  Bichthofen 
states :  "  The  black  colour,  which  is  proper  to  the  uppermost  layer 
only,  appears  to  result  solely  from  the  formation  of  vegetable  mould, 
the  deeper  portions  showing  the  brown  colour  of  the  Loess,  together 
with  its  structure,  although  this  appears  to  be  less  perfect  than  in 
the  former  case."  Personal  observation  has  left  no  shadow  of  a 
doubt  on  my  mind  as  to  the  intimate  connection  between  these  two 
types  of  deposit.  Beference  has  already  been  made  as  to  the  gradual 
passage  from  pure  Loess  to  Black  Earth  observed  in  a  ravine  at 
Kharkov,  and  an  example  of  the  interlamination  of  the  two  at  their 
point  of  junction  has  been  cited  from  Bielgorod. 

But  these  cases,  developed  on  a  small  scale  at  the  above  localities, 
may  attain  much  greater  proportions.  Bepeatedly  the  dark  brown 
humus-bearing  bed  forms  distinct  lenticular  patches  (often  3  or  4  feet 
in  thickness  at  the  centre  and  extending  some  little  distance  in  a 
horizontal  direction)  running  through  the  yellow  day. 

The  further  and  final  stage  is  attained  when  the  Black  Earth 
forms  a  distinctly  marked  stratum,  actually  overlain  by  a  true  Loess. 
This  is  beautifully  observed  in  the  ravine  near  the  railway  station 
at  Kieff,  where  a  thick  layer  of  Black  Earth  is  overlain  by  some 
seven  feet  of  Loess. 

But  the  inter-relationships  of  the  two  deposits  are  still  further 
brought  out  if  a  closer  examination  be  made  of  the  materials 
composing  them.  Not  only  does  Black  Earth  agree  with  Loess  in 
its  superficial  position,  its  existence  at  most  varying  level,  its 
occasionally  purely  local  development,  but  it  possesses  the  same 
want  of  consistency  when  rubbed  in  the  fingers.  The  chemical 
composition  is  in  most  respects  similar.  Thus  Loess  may  be  said 
to  be  composed  of  pure  silica  in  the  form  of  sand-grains,  days, 
calcareous  constituents  (as  concretions  frequently),  and  oxide  of 
iron,  acting  as  a  colouring  material.  Compare  with  this  the  analysis 
of  Black  Earth  made  by  Mr.  H.  Phillips  for  Murchison's  work : 

OliXvrtt        •••      •••      •••      •••      •••      •••      •••      •••      •••      0«7   O 

A111II11I1&  •••      «••      «      •••      •••      •••       lu*0 

XjilUt/  •••      •••      •••      •••      •«•      •••       •••      •••      •••         xo 

Oxide  of  Iron 0*7 

Organic  Matter      64 

Traces  of  Organic  Matter  H2SO4,  CI.,  etc.        ...       1*7 
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1)6  amonnt  of  silica  is  always  very  noticeable.  The  high  per- 
bage  is  due  to  the  large  number  of  polished  sand-grains  always 
sent  in  samples  of  Tohemozem.  These,  however,  vary  greatly  in 
t,  from  the  grains  iV  of  an  inch  in  diameter  already  mentioned 
n  Bielgorod,  down  to  particles  almost  invisible  to  the  naked  eye. 
)  variations  appear  in  some  respects,  to  follow  the  rule,  that  the 
her  south  the  deposit  the  smaller  the  sand-grains  contained  in  it 
rould  require  a  close  examination  of  a  large  number  of  samples 
>re  this  could  be  established  as  an  absolutely  proved  fact, 
n  doing  so,  particular  care  must  be  taken  to  select  the  specimen 
a  an  uncultivated  spot«  This  is  now  a  somewhat  difficult  task, 
Quch  of  the  steppe-land  having  been  brought  under  cultivation, 
kmi nation  and  enquiry  have  both,  however,  led  to  the  same 
lit — the  deeper  the  earth  from  the  surface  the  more  sand-grains 
3  it  contain.  Both  in  character,  position,  chemical  analysis,  and 
ory,  the  Black  Earth  is  thus  intimately  connected  with  the  Loess, 
is  due  to  special  circumstances  affecting  the  latter. 
L  historical  review  of  the  whole  subject  is  of  particular  interest, 
howing  the  various  possibilities  which  have  been  brought  forward 
loconnt  for  these  soils,  the  treeless  prairies  and  steppes,  and  the 
rp  distinctions  between   present  geographical  conditions  in  N. 

S.  Kussia.  At  the  same  time  a  remarkable  parallelism  is  to  be 
jrved  between  the  theories  propounded  in  America,  and  those 
ch  have  from  time  to  time  been  enunciated  by  Russian  geologists. 
the  Joum.  Poltava  Agricult.  Soc.  February-May,  1891,  Prof. 
Lsnov  has  given  an  admirable  summary  of  the  latest  position  of 
;e  discussions  as  viewed  from  Russian  standpoints.  Many  of  his 
elusions  have  struck  me  as  being  of  such  general  interest  that  it 
J  be  advisable  to  include  them  in  the  present  discussion,  especially 
hey  are  at  present  practically  buried  in  a  local  Russian  journal, 
las  was  one  of  the  first  to  consider  the  origin  of  the  Tchernozem. 

in  common  with  later  observers,  regarded  it  as  having  been 
aed  on  the  bed  of  a  gradually-dying  sea,  the  water-plants  and 
»r  organisms  of  which,  rotting  in  contact  with  the  atmosphere, 
aed  its  mass,  and  gave  rise  to  its  richness  in  nitrogeneous  products, 
lurchison  (loc.  eit)  considered  it  as  not  having  been  formed  tn 
,  but  derived  from  the  disintegration  of  the  Black  Jurassic  shale, 
ch  is  found  in  the  more  northern  districts  of  the  empire.  He 
i  that  ]>owerful  currents  had  acted  as  the  transporting  agents, 
3gh  no  reason  was  assigned  for  the  production  of  this  rush  of 
lultuous  waters.  At  the  present  day  ice-action  explains  all  these 
ied  results  in  a  more  reasonable  manner. 

tuprecht  seems  to  have  gone  half-way  in  regarding  the  Black 
th  as  of  grassy  origin,  though  he  still  held  the  view  that  the 
Iders  strewing  the  northern  parts  of  the  country  had  been 
light  thither  by  ice-bergs. 

(ut,  with  the  acceptance  of  the  theory  propounded  by  Nikitin, 
kpotkine,  and  Inostranzeff,  that  a  great  fresh- water  sea  did  not 
er  N.  Kussia,  but  rather  that  a  huge  ice-sheet  spread  over  the 
>  of  the  country,  a  new  aspect  was  obviously  given  to  the  dis- 
uon,  and  it  was  sought  to  explain  the  phenomena  \)^  oVXi^x  TSi<^xA. 
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The  fonDer  presence  of  forests  was  naturally  regarded  as  neoessaiy 
to  account  for  the  formation  of  such  a  soil,  if  all  aqueous  action 
were  rigidly  excluded.  Thus,  Bogdanoff  and  Polimpsest  considered 
the  Black  Earth  to  be  the  humus  resulting  from  prehistoric  wooda, 
cut  down  by  hordes  of  nomads.  For  the  extensive  character  of  such 
forests  they  sought  to  find  evidence  in  the  works  of  Herodotas. 

In  his  work  Melpomene,  Book  lY.,  Herodotus  gives  some  very 
concise  descriptions  of  the  nature  of  the  country  lying  between  the 
Dnieper  (Borysthenes)  and  Don  (Tanais).  He  appears,  indeed,  to 
have  made  this  region  an  object  of  special  research.  For  instance, 
it  is  expressly  stated  that  the  Androphages  (inhabiting  Yolhynia) 
lived  northward  of  a  region  of  vast  deserts  (the  great  Loess-covered 
plains  east  of  the  Dnieper).  In  another  place  it  is  stated  that  the 
entire  country  occupied  by  the  nomadic  Scythians  is  without  trees. 
(This  is  evidently  the  district  we  are  specially  considering.)  And 
this  is  still  more  forcibly  emphasised  when  considering  the  country 
N.  of  the  Azov  Sea.  The  country  of  the  Sauromates  commences 
at  the  extremity  of  the  Palus  Moeotis,  and  occupies  the  country  that 
lies  to  the  north  ;  a  fifteen  days'  journey  is  required  to  traverse  it; 
one  sees  there  neither  wild  nor  fruit-bearing  trees.  Beyond  this  is  the 
country  of  the  Budins,  where  trees  are  in  abundance. 

It  is  also  interesting  to  note  that  to  the  north  of  the  country 
between  the  Dnieper  and  Don,  only  marshes  and  land  yrithout 
inhabitants  were  believed  to  exist. 

Far,  therefore,  from  proving  the  existence  of  former  forests, 
Herodotus  strongly  argues  in  favour  of  the  desert  character  of 
these  regions,  and  indeed  further  cites  Scythian  traditions  which 
fully  confirm  the  view  that  this  country  was  treeless  ever  since 
the  earliest  historical  records  were  written. 

It  is  necessary  to  emphasize  these  points,  because  some  support 
might  be  lent  to  the  opposite  view,  if  the  remarkable  statements 
made  by  Mr.  Floyer  regarding  the  former  fertility  of  many  of  the 
Egyptian  wadys  be  considered. 

The  discussion  in  America  has  run  to  a  large  extent  on  absolntely 
parallel  lines,  and  Mr.  J.  W.  Rod  way  (Geographical  Journal,  March, 
1894)  has  shortly  resumed  the  views  propounded,  and  arrived  at 
a  conclusion  differing  in  no  respect  from  the  one  now  enunciated, 
viz.  the  areas  in  question  never  were  timbered. 

Mr.  Miller  Christy,  in  a  paper  read  before  the  British  Association, 
held  that  the  absence  of  the  trees  was  due  to  prairie  fires,  in  general 
started  by  Indian  tribes.  But,  as  Mr.  Rodway  points  out,  these  fires 
only  affect  the  stems  and  branches,  leaving  the  roots  of  the  trees 
entirely  untouched.  That  these  splendid  plains  have  not  borne  these 
growths  for  many  centuries  past,  is  shown  by  the  fact,  long  ago 
observed  by  Murchison,  that  traces  of  root-fibres  are  altogether 
absent. 

Prof.  Krasnov  also  argues  that  woods  do  not  form  Tchemozem. 
On  the  contrary,  they  form  a  subsoil  in  which  the  component  parts 
are  of  the  size  of  nuts,  of  an  ashy-grey  colour,  and  poorer  in  hurtios 
than  the  Black  Earth  proper.     In  addition,  this  soil  bears  traces  of 
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the  roots  of  trees,  at  the  same  time  possessing  considerable  powers 
of  resistance  to  pressure,  that  is,  failing  to  crumble  readily  when 
rubbed  between  the  fingers. 

Researches  in  the  Nijni  Novgorod  and  Poltava  governments  prove 
that  a  hundred  years  after  the  cutting  down  of  the  forests  the  soil 
still  preserves  its  original  character.  If  woods  be  not  the  source 
of  the  rich  deposit,  the  present  character  of  the  steppe  areas  may 
serve  to  furnish  a  solution  to  the  problem.  There  are  still  some 
districts  not  yet  touched  by  the  agriculturist,  where  the  virgin  soil 
produces  a  rank  vegetation,  luxuriant  or  sparse  according  to  the 
amount  of  rainfall.  A  notable  growth  is  a  peculiarly  wiry  grass, 
that  blunts  the  edge  of  the  sharpest  scythe.  On  the  great  plains 
£.  of  the  Dnieper,  in  the  region  not  devoted  to  the  cultivation  of 
cereals,  Euphorbiaceous  plants  and  Composited  largely  predominate. 
Indeed,  so  favourable  is  the  soil  for  the  growth  of  the  latter,  that 
one  of  the  Thistles,  Xanthium  spinosum,  (introduced  some  thirty  years 
ago  with  the  Bohemian  settlers)  has  become  a  widespreading  pest, 
and  threatens  even  to  supplant  the  indigenous  flora. 

In  travelling  over  these  plains,  I  early  came  to  the  conclusion  that 
the  decomposition  of  these  plant-remains,  and  the  intimate  inter- 
mixture of  a  portion  of  their  protoplasmic  contents  with  the  particles 
of  the  Loess  soil,  were  the  true  causes  of  the  formation  of  Black 
Earth.  In  the  autumn  the  dried  stems  which  roll  over  the  steppe, 
often  bound  together  in  large  bundles,  bear  witness  to  the  large 
amount  of  plant-waste  which  must  then  go  on.  At  the  same  time 
the  roots  remain  in  the  soil,  giving  rise  to  great  matted  fibrous  layers 
which  prevent  the  penetration  of  water  to  the  lower  levels.  Indeed, 
there  are  circumstances  in  which  such  roots  may  attain  the  thickness 
of  a  man's  thumb.  Many  of  them  will  probably  undergo  decom- 
position, but,  thanks  to  the  fine-grained  character  of  the  soil, 
the  materials  necessary  for  the  production  of  the  humus  would  be 
concentrated  rather  than  diffused  through  it. 

Von  Kichthofen  (loc,  dt.  p.  300)  remarks:  "The  Black  Earth  of 
Southern  Russia  is  growing  (owing  to  dust  transported  by  wind 
action).  1'he  black  colour,  which  is  proper  to  the  uppermost  layer 
only,  appears  to  result  solely  from  the  formation  of  vegetable  mould, 
the  deeper  portions  showing  the  brown  colour  of  the  Loess,  together 
with  its  structure,  although  this  appears  to  be  less  perfect  than  in 
the  former  case." 

Prof.  Lewakowsky,  of  Kharkov  University,  has  approached  this 
interesting  subject  from  the  chemical  point  of  view.  He  finds  that 
the  organic  matters  form,  at  a  shallow  depth,  definite  chemical 
combinations  with  the  soil  constituents,  alumina,  iron  oxides,  and 
calcium  compounds.  These  compounds  are  exposed  to  the  oxydizing 
action  of  the  air,  becoming  gradually  of  darker  tints,  till  eventually 
they  form  the  Tchemozem  itself.  He  explains  the  absence  of  Black 
Earth  in  forest  regions  as  follows:  The  soluble  organic  materials 
which  are  prevented  from  passing  into  the  soil,  owing  to  the  thick 
deposit  of  fallen  leaves,  undergo  changes  under  the  influence  of  the 
atmosphere,  and  become  insoluble  or  even  burnt  by  its  oxydizing 
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action.  I  would  suggest  that  in  all  probability,  even  if  tbeoe 
materials  did  sink  into  the  ground,  its  loose  oonstitntion  would 
prevent  the  formation  of  any  deposit  as  rich  as  Black  Earth. 
Owing  to  the  matting  of  the  roots  above-mentioned,  it  is  alwaji 
necessary  to  remove  the  upper  layer  of  black  soil  round  any  spot 
where  trees  are  to  be  planted.  Mr.  Christy  has  maintained  that  trees 
on  the  treeless  plains  grow  readily.  Mr.  Rodway  admits  this  to  be 
true  in  part.  For  Russia,  I  may  venture  to  go  further,  and  say  that 
Black  Earth  is  in  many  respects  absolutely  inimical  to  the  growth 
of  wood  or  forest 

{To  be  continued  in  our  next  Ifumber,) 

YII. — Remarks  on  Mr.  Mbllard  Rbadb's  Artiolb  **  On  the 
Results  of  Unstmmbtrioal  Cooling  and  Redistribution  of 
Temperature  in  a  Shrinking  Globe  as  applied  to  the  Origin 
of  Mountain  Ranges." 

By  A.  Vauohan,  B.A.,  B.Sc. 
[Addendum   to  paper  on  Corrugations  of  Earth's  Surfmee.'] 

AFTER  I  had  written  the  above  dissertation  and  sent  it  for 
publication  my  attention  was  kindly  drawn  to  a  paper,  dealing 
with  the  same  subject,  communicated  by  Mr.  T.  Mellanl  Reade,  C.E., 
F.G.S.,  to  the  Liverpool  Physical  Society,  and  since  republished  in 
the  May  number  of  the  Oeol.  Mag.  for  this  year  (p.  203). 

As  I  was  not  aware,  when  engaged  upon  my  own  paper,  of  the 
views  which  Mr.  Reade  had  expressed,  I  feel  that  some  discussion 
of  the  theory  put  forward  by  that  writer  is  of  necessity  demanded. 
Since,  however,  Mr.  Readers  views  are  extremely  antagonistic  to 
those  which  I  have  already  endeavoured  to  explain,  such  discussion 
will  find  its  most  convenient  place  as  a  brief  addendum  to  what  I 
have  already  written. 

Mr.  Readers  paper  opens  with  a  statement  of  some  results  arrived 
at  by  Lord  Kelvin  in  his  classical  paper  on  the  "  Cooling  of  the 
Earth*';  since  the  utmost  importance  is  necessarily  attached  to 
the  conclusions  arrived  at  by  so  eminent  a  physicist,  it  is  very 
important  that  such  results  should  be  quoted  correctly,  and  also 
that  their  statement  should  be  accompanied  by  a  short  exposition 
of  the  assumptions  on  which  they  are  based.  I  propose  then,  in 
the  first  place,  to  point  out,  as  plainly  and  briefly  as  possible, 
the  method  of  reasoning  employed  and  the  data  assumed  in  Lord 
Kelvin*s  essay ;  this  I  regard  as  especially  necessary,  because  Mr. 
Reade  not  only  mis-states  some  of  the  most  important  results,  bat 
also  invests  them  with  a  rigidity  to  which  the  writer  expressly 
lays  no  claim. 

The  essence  of  the  employment  of  Fourier's  equations  depends 
upon  assuming  that  we  are  dealing  with  nothing  but  the  conduction 
of  heat  from  point  to  point.  Thus,  no  heat  must  be  supposed  to  be 
used  up  or  evolved  in  changing  the  physical  state  of  the  material 
under  consideration ;  for  example,  we  cannot  suppose  that  any 
large  portion  of  the  mass  has,  during  the  time  we  are  conuideriug, 
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d  from  the  molten  to  the  solid  state ;  for  this  would  involve 
iberation  of  that  amount  of  heat  which  would  be  necessary  to 
3rt  the  solid  rock  into  a  molten  state  at  the  same  temperature. 
)plied  to  any  period  during  which  such  changes  of  physical 

took   place  our  equations  of   conduction  would  simply   be 
Qg   nonsense;  so  that  the  first  important  point  assumed  by 

Kelvin  is  that,  during  the  whole  period  to  which  he  applies 
easoning,  the  mass  under  consideration  is  supposed  to  be  in  the 

physical  state,  and  therefore,  of  course,  at  all  times  solid, 
lother  point  to  be  especially  noticed  is  that  there  is  supposed 
I  nothing  in  the  nature  of  discontinuity  throughout  the  mass, 
1  other  words,  that  heat  is  freely  conducted  from  layer  to  layer. 
>nsequence,  any  portion  of  the  metss  exhibiting  such  phenomena 
d  not  satisfy  the  only  condition  on  which  our  equations  can  be 
;  so  that  when  applied  to  such  portions  our  equations  cannot 
)garded  as  telling  us  the  absolute  truth.  Now,  as  far  as  the 
ior  of  the  earth  is  concerned,  we  can  no  doubt  assume  perfect 
nuity  with  sufficient  exactness;  but  when  we  approach  the 
ce  we  come  upon  very  heterogeneous  rocks,  separated  by 
ing  and  other  separation  planes,  so  that  we  introduce  an 
ent  of  discontinuity. 

lis  new  element  will  not,  to  any  appreciable  extent,  affect  the 
ral  considerations  put  forward  by  Lord  Kelvin,  but  will,  on 
ther  baud,  render  results  deduced  from  our  equations  in  the 
ibourhood  of  the  surface  necessarily  fallacious, 
kttach  some  considerable  importance  to  this  condition  as  tending 
tiate  the  practical  value  of  results  concerning  a  level  of  no- 
1  to  which  I  shall  refer  later,  and  also  as  exerting  a  conservative 
3nce  in  the  matter  of  the  outflow  of  heat,  and,  in  consequence^ 
nding  to  lengthen  the  time  from  first  consolidation, 
fitly,  for  purposes  of  calculation  we  require  to  know  a  certain 
ige  value  of  the  coefficient  of  thermometric  conductivity,  and 
involves  the  two  considerations  of  conductivity  and  specific 
Of  the  difficulties  attending  such  a  determination,  it  is  only 
jsary  to  point  out  that  the  variations  of  these  two  physical 
tities  with  pressure  and  temperature  are  as  yet  very  imperfectly 
rn,  and  that,  consequently,  the  assumption  of  any  such  co- 
ant  for  the  unknown  rocks  of  the  interior  must  necessarily  be 
xtremely  tentative  one.  But,  supposing  such  an  average  co- 
3nt  to  have  been  found,  it  obviously  would  not  agree  at  all 
ly  with  that  for  rocks  near  the  surface;  for,  in  its  very 
icter  as  an  average  coefficient,  it  must  essentially  refer  to  the 
bulk  of  the  interior  rocks,  and  not  to  the  comparatively  insig- 
int  crust. 

us  we  see  another  reason  why,  though  our  equations  may  give 
:act  results  with  regard  to  the  interior,  they  cannot,  for  that 

reason,  apply  rigidly  to  rocks  near  the  surface.  In  fine  we 
lot  justified  in  applying  Fourier's  equations  of  conduction  to 

near  the  surface,  or,  at  all  events,  not  equations  involving  the 
constant  of  conductivity  as  we  have  used  for  the  interior. 
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In  the  next  place  it  is  important  to  notice  the  data  which  an 
assumed.  Lord  Kelvin  assames  that,  at  the  epoch  of  oonsolidation, 
the  earth,  or  at  least  an  outer  shell  of  a  thickness  of  100  or  200 
miles,  was  at  an  uniform  temperature,  and  that  the  temperature  of 
the  surface  was  subjected  to  a  loss  of  7000°  F.  and  then  maintained 
at  this  lower  temperature. 

The  temperature  at  the  very  start  was,  in  consequence,  nnifonn 
downwards,  not  a  rise  of  1°  F.  in  10  feet  as,  by  some  very  oarioas 
oversight,  is  stated  by  Mr.  Beade.  This  latter  temperature  gradient, 
which  is  given  as  that  of  first  consolidation,  was  not  established,  oa 
Lord  Eelvin*s  assumptions,  until  4,000,000  years  later. 

In  this  reduction  of  7000°  F.  at  the  surface  we  have,  at  the  best^ 
a  probable  hypothesis  with  no  pretence  at  exactness.  The  value 
is,  of  course,  mainly  based  upon  the  heat  set  free  when  the  earth, 
or  a  very  thick  outer  shell,  passed  from  the  molten  to  the  solid 
condition ;  in  other  words,  upon  the  latent  heat  of  fusion  for  the 
earth  rocks. 

Starting  from  this  datum,  and  assuming  the  applicability  of 
I^'ourier's  equations,  the  temperature  which  at  any  given  time 
existed  at  a  g^ven  distance  below  the  surface  is  easily  calculated, 
and  it  is  found  that,  after  100,000,000  years  (not  96,000,(K)0  as 
quoted  by  Mr.  Beade),  the  temperature  gradient  would  be  1°  F.  in 
50  feet,  which  Lord  Kelvin  assumes  as  the  present  temperature 
gradient  very  near  the  surface.  Since,  also,  this  gradient  varies 
inversely  as  the  square  root  of  the  time  from  consolidation,  it  is 
easy  to  obtain  the  number  of  years  which  must  have  elapsed  to 
establish  any  particular  rate  of  rise  of  temperature  with  depth. 
For  example,  for  a  gradient  of  1°  in  64  feet,  the  time  would  be 
160,000,000  years  for  the  same  initial  reduction,  and  the  depth  to 
which  loss  of  temperature  would  have  penetrated  would  be  180 
miles,  as  opposed  to  150  miles  on  the  assumption  of  1°  in  50. 

To  emphasize  how  broadly  these  results  must  be  looked  at,  it  is 
only  necessary  to  point  out  that  doubling  the  initial  reduction  of 
surface  temperature  would  multiply  the  number  of  years  before 
the  establishment  of  any  stated  gradient  by  four,  and  that  halving 
the  coefficient  of  conductivity  would  double  the  time.  For  example 
if  the  initial  reduction  were  10,000°  F.  the  number  of  years  would 
amount  to  about  300,000,000.  This  is  in  accordemce  with  the  wide 
general  limits  assigned  by  Lord  Kelvin  in  his  essay,  in  which  he 
places  the  time  from  first  consolidation  as  somewhere  between 
20,000,000  and  400,000,000  years. 

Again,  owing  to  the  partial  inapplicability  of  our  equations  to 
surface  rocks,  it  is  questionable  whether  we  can,  with  justice, 
assume  that  1°  in  50  feet  expresses  the  surface  gradient  which 
would  have  been  established  were  the  whole  globe  continuous.  In 
short,  the  effect  of  discontinuity  in  surface  rocks  would  seem  to 
point  to  a  retardation  in  the  loss  of  heat  and  a  consequent  increase 
in  time  from  consolidation. 

To  pass  on  now  to  consider  the  value  of  the  assumption  of  a  shell 
of  no-strain :  The  contraction  taking  place  in  one  year  at  any  point 
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thin  the  earth,  if  unresisted,  would  no  douht  he  proportional  to 
)  loss  of  temperature  at  that  point  in  that  time,  and  this, 
turning  the  truth  of  our  old  equations,  would  he  proportional  to 
)  rate  of  increase  of  the  temperature  gradient  at  the  point  We 
IS  obtain  the  simple  conception  that  the  contraction  will  increase 
>m  the  surface  inwards  to  a  certain  depth  and  then  diminish, 
til  the  point  is  reached  at  which  temperature  becomes  uniform 
wnwards. 

The  distance  of  such  a  shell  of  maximum  contraction  below  the 
rface,  estimated  in  the  way  already  indicated,  will  be  equal  to 
^t,  where  k  is  the  coefficient  of  thermometric  oonductivity,  and 
he  time  from  consolidation  in  years.  This  gives,  assuming  the 
ne  data  as  before,  a  depth  of  38  miles.  (Mr.  Reade  states  that 
)  value  is  &0,  which  would  be  the  depth  after  about  160,000,000 
irs.) 

From  the  fact  of  the  existence  of  such  a  maximum-contracting 
^11.  Mr.  Reade  has  deduced  with  perfect  theoretical  correctness, 
far  as  a  homogeneous  sphere  is  concerned,  the  necessary  existence 

a  level  of  no-strain.     In  other  words,  there  should,  theoretically, 

a  shell,  between  the  surface  and  this  shell  of  maximum-contrao- 
n,  which  could  contract  with  loss  of  temperature  so  as  not  to 
ert  any  pressure  on  the  underlying  mass  ;  whilst  all  shells  below 
would,  in  contracting,  squeeze  the  interior,  and  all  shells  above  it 
mid,  owing  to  less  rapid  contraction,  attempt  to  stand  ofif  from 
ver  shells,  and  would,  in  consequence  of  the  force  of  gravity,  be 
t  into  a  state  of  compression. 

It  becomes  then  a  very  important  problem  to  find  the  depth 
low  the  surface  at  which  this  level  of  no-strain  lies;  and  this 
pears  to  be  easily  attacked  in  the  following  manner. 
Choosing  any  shell  at  a  given  distance  from  the  centre  of  the 
rth,  we  can  easily  find,  by  the  foregoing  analysis,  the  radial 
itraction  which  has  taken  place  in  one  year  in  any  of  the  shells 
low  it  which  suffer  loss  of  temperature,  and,  by  summing  all 
)se  separate  contractions,  we  obtain  the  whole  amount  by  which 
)  interior  has  attempted  to  draw  itself  away  from  our  chosen  shell 

that  time.  If  we  equate  this  amount  to  what  would  be  the 
Hal  contraction  in  one  year  of  a  sphere  with  radius  equal  to  the 
itance  of  the  selected  shell  from  the  centre,  and  further  suppose 
)  whole  of  this  sphere  to  be  contracting  at  the  same  rate  as  the 
ren  shell,  we  shall  find  the  distance  of  such  a  shell  from  the 
•face.  Working  this  problem  out  with  our  preceding  assumptions 
)btain  a  distance  of  a  little  over  a  mile  from  the  surface.  1  have 
t  it  necessary  to  give  the  reasoning  employed,  as  this  result  differs 
m  that  found  by  Professor  Darwin,  as  quoted  in  Mr.  Readers 
>er,  and  to  whose  high  authority  I  should  naturally  attach  great 
ight;  but  I  have  not,  unfortunately,  had  the  opportunity  of 
erring  to  his  paper. 
Assuming,  however,  that  Professor  Darwin  is  correct  in  estimating 

depth  of  this  shell  of  no-strain  at  two  miles  below  the  surfaoe, 
Mtnnot  think  that  the  result  has  any  but  a  theoretical  interest 
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For  here  we  arrive  at  a  point  to  whioh,  as  I  have  shown  above,  the 
method  of  analysis  cannot  rigidly  apply,  not  only  on  aooonnt  of 
the  physical  discontinuity  of  surface  rocks,  but  also  on  account  of 
the  irregular  distribution  of  the  large  land  and  ocean  areas  which 
renders  a  shell  at  the  depth  of  two  or  three  miles  a  purely  theoretical 
conception. 

In  fine  I  adhere  to  the  conception,  so  fully  explained  in  the 
beginning  of  my  paper,  that,  owing  to  the  existence  of  separation 
planes,  this  imaginary  shell  of  compression  settles  down  upon  the 
interior  rocks ;  so  that  in  reality  we  are  dealing  with  a  vast  series 
of  shells,  contracting  upon  and  consequently  squeezing  each  other, 
surrounded  by  a  thin  layer  of  surface  rocks,  which  settles  down  upon 
them  by  closer  application. 

Before  criticizing  the  theory  put  forward  by  Mr.  Beads,  I  should 
like  to  point  out  the  questionable  strength  of  his  disproof  of  the 
older  theory. 

Assuming  that  contraction  has  only  affected  a  shell  about  150 
miles  in  thickness,  he  supposed  this  shell  to  have  lost  an  average 
of  1000°  F.  since  Cambrian  times,  and   proceeds  to  calculate  its 
radial  contraction. 
.   To  quote  his  own  words  : — 

**  The  linear  contraction  of  150  miles  of  rock  cooled  1000°,  using 
this  coefficient,  would  be  4,125  feet,  but,  as  the  contraction  of  the 
shell  150  miles  deep  is  voluminal,  the  contraction  in  thickness  of 
the  shell  would  be  three  times  this,  or  12,375  feet  or=2*S44;  miles." 

I  fail  to  see  how  the  contraction  in  thickness,  i.e,  the  contraction 
of  a  certain  line  of  material,  can  by  any  possibility  be  voluminal. 
But,  accepting  this  result  for  the  sake  of  argument,  Mr.  Reade 
finds  that  the  girth  of  the  interior  shrinking  sphere  would  be  15 
miles  less  than  that  of  the  thin  imaginary  outer  shell  of  compression ; 
so  that  this  represents,  so  to  speak,  the  amount  of  looseness  which 
has  been  used  up  in  mountain-making  since  Cambrian  times. 

Here  Mr.  Keade  leaves  this  part  of  his  argument,  but  if  we  apply 
the  above  result  we  shall  find  that  the  elevation  which  could  thus 
be  produced  is  a  very  large  one  indeed.  For  suppose,  to  take  a 
case  far  from  the  maximum  possible,  that  the  extra  length  of  15  miles 
in  each  great  circle  is  used  up  in  forming  a  cone  tangential  to  the 
interior  sphere.  We  should  thus  be  able  to  form  a  mountain  covering 
nearly  a  million  square  miles  and  rising  to  a  height  of  60  miles 
above  the  surface  of  the  sphere.  But,  as  Mr.  Reade  says,  his 
assumptions  are  generous  in  the  extreme,  and  I  feel  sure  that,  as 
referred  to  above,  he  has  gratuitously  multiplied  them  by  three. 

In  the  very  simple  calculation  presented  early  in  this  paper.  I 
took  a  coefficient  not  differing  much  from  the  one  adopted  by  Mr. 
Reade,  and  made  allowance  for  a  loss  of  10°  C,  which  I  believe 
would  more  than  cover  any  one  period  of  mountain-making.  By 
this  line  of  reasoning  we  seem  to  obtain  a  better  means  of  com- 
parison with  actually  known  facts  than  if  we  estimate  the  total 
available  volume  which  the  old  theory  would  allow  for  mountain- 
making  since  Cambrian  times,  and   then   attempt  to  compare  it 
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with  the  very  unknown  volume  which  has,  in  reality,  heen  employed 
iu  constructing  all  the  mountains  since  that  period. 

I  now  wish  to  examine  Mr.  Beade's  theory,  and  to  compare  it 
with  that  put  forward  in  this  paper. 

In  the  first  place,  Mr.  Reade  imagines  a  great  depth  of  sediment 
to  he  laid  down  over  a  large  area,  and,  to  fix  ideas,  suggests  an 
average  depth  of  4  miles  of  sediment  deposited  over  an  area  2000 
miles  hy  1000  miles. 

No  douht  it  follows,  with  perfect  accuracy,  that,  as  the  layers 
accumulate  with  great  slowness,  the  temperature  gradient  at  any 
time  during  deposition  will  simultaneously  attain  its  average  value, 
and  he  roughly,  say,  1^  F.  in  50  feet  downwards ;  so  that,  as  any 
layer  becomes  buried  deeper  and  deeper  beneath  successive  deposits^ 
its  temperature  will  continually  rise. 

For  the  same  reasons,  the  rocks  which  constitute  the  floor  upon 
which  sediment  wets  first  deposited  will  sufier  a  continual  increase 
of  temperature.  After  a  certain  accumulation  of  sediment,  the  expan< 
9ion  produced  by  this  rise  of  temperature  will  cause  the  underlying 
rocks  to  curve  upwards,  so  that  the  curvature  of  any  layer,  which 
was  at  first  approximately  that  of  the  surface  of  the  earth,  becomes 
increased  and  allows  of  expansion,  much  in  the  same  way  that  a 
bar  of  iron,  bent  into  an  arc  and  fixed  at  each  end,  will,  if  heated 
in  the  middle,  bend  into  a  steeper  curve. 

I  have  taken  great  care  to  state  exactly  what  I  understand 
to  be  Mr.  Reade's  views,  in  order  that  my  criticism  may  be 
comprehended  better.  I  may,  perhaps,  just  point  out  that  this 
extension  has,  of  course,  the  effect  of  a  vertical  lift  upon  the  over- 
lying mass,  and  that  it  is  to  this  vertical  motion  that  Mr.  Reade 
attributes  the  inception  of  mountain  ranges. 

Now,  it  is  a  fair  deduction  from  the  very  slow  rate  at  which 
sediment  accumulates,  that  the  full  effect  of  extension  proper  to  any 
given  depth  of  sediment  will  have  been  brought  about  at  the  time 
at  which  that  depth  is  established.  Such  a  process  would  necessarily 
go  on  until  the  central  portion  of  the  region  was  raised  to  the  sea- 
level  and  the  deposition  of  sediment  in  consequence  ceased,  and 
no  further  rise  could  take  place,  at  least  so  far  as  due  solely  to 
expansion  of  underlying  rocks. 

The  mechanism  by  which  the  fold  thus  formed  is  further  com-* 
pressed  and  raised  by  lateral  pressure,  I  fail  to  understand ;  especially 
in  the  light  of  Mr.  Reade's  insistence  that  expansion  is  internal  and 
shading  off  to  zero  at  the  boundaries  of  an  area  of  deposition,  so 
that  any  new  ai-ea  of  sedimentation  which  may  be  established  on 
the  sides  of  the  old  fold  would  produce  a  new  central  fold,  and  not 
exert  lateral  compression  on  the  earlier  one.  It  is  also  hard  to  see 
how  such  an  area  of  deposition  could  exist  outside  the  first  fold, 
except  as  derived  by  marine  denudation  of  that  fold  itself. 

Again,  the  conception  that  any  fold  is  formed  must  necessarily 
imply  that  the  rocks  which  form  it  are  drawn  away  from  the  under- 
lying mass ;  for  it  is  upon  the  amount  of  lateral  expansion,  and  not 
upon  the  comparatively  small  vertical  expansion,  that  the  theory 
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rests.  HeDoe  it  follows  that  an  absolute  vacuity  must  be  formed 
under  the  fold,  since  in  no  way  could  a  shell  of  expanding  material 
exert  a  squeezing  force  on  the  rocks  beneath.  Thus  the  undermost 
of  the  layers  which  constitute  the  fold  must  support  the  whole  weight 
of  the  overlying  mass.  This  result  does  not  seem  to  accord  well 
with  the  potent  effects  which  are  attributed  to  the  weight  of  over- 
lying rocks  in  the  direction  of  causing,  what  Mr.  Beade  calls, 
compressive  extension.  But,  in  fact,  1  believe  that  there  is  an 
element  of  unreality  which  renders  the  whole  conception  invalid. 

In  the  first  place,  so  far  as  the  effect  of  heat  upon  the  actual 
sediment  is  concerned,  this  sediment  is  deposited,  not  as  solid  rock, 
every  component  particle  of  which  is  in  closest  union  with  its 
fellows,  but  rather  as  a  great  number  of  small  particles,  each  of 
which  has,  so  to  speak,  plenty  of  elbow  room.  It  would  seem  then 
that  the  effects  of  increase  in  pressure  and  temperature  would  be 
mostly  used  up  in  welding  the  rock  into  a  dense  mass;  each  particle 
expanding  into  the  interspaces  surrounding  it,  and  the  greater  the 
resistance  to  general  expansion  the  more  closely  would  each  particle 
be  forced  into  union  with  its  neighbours.  This,  surely,  is  in  agree- 
ment with  the  actual  facts  observed  in  the  lowest  of  a  great  series 
of  conformable  sedimentary  strata.  But,  as  regards  the  actual  floor 
and  the  rocks  which  lie  beneath  it,  which  may  be  supposed  to  be  in 
a  dense  state  and  not  to  admit  of  any  great  expansion  of  separate 
particles,  I  believe  that  the  effect  of  expansion  will  only  tend  to 
minimize  the  contraction  which,  I  now  attempt  to  show,  must  be 
in  progress. 

It  will,  assuredly,  be  readily  granted  that,  to  allow  of  the 
accumulation  of  the  great  thickness  of  sediment  here  conceived, 
there  must  be  an  approximately  proportional  depression  of  the  floor, 
and  such  depression  must  imply  the  curving  inwards  of  that  zone 
of  the  earth  which  forms  the  area  of  depression.  Such,  inward 
motion  must  result  in  the  reduction  of  curvature,  and  the  consequent 
diminution  of  area ;  in  other  words,  the  floor  must  be  contracting 
and  must  continue  doing  so  approximately  as  long  as  sedimentation 
proceeds.  Thus  the  only  effect  of  expansion,  in  such  an  area,  must 
be  in  the  direction  of  minimizing  the  rate  of  shrinking,  and,  should 
the  effects  of  expansion  balance  those  of  contraction,  the  area  ceases 
to  sink  and  deposition  soon  ends. 

I  will  now  briefly  point  out  what  I  conceive  to  be  the  tnie 
phenomena  which  cause  and  accompany  the  deposition  of  a  great 
thickness  of  sediment  near  land. 

Imagine  an  area,  such  as  I  have  conceived  in»  the  statement  of  my 
theory,  to  be  bordered  by  a  large  land  region.  Owing  to  the  more 
rapid  contraction  of  our  depressed  area,  its  floor  bends  inwards,  or 
the  area  sinks ;  over  that  portion  of  the  area  which  borders  our 
supposed  land  region  sediment  will  be  deposited  and  will  accumulate 
to  a  greater  and  greater  thickness  as  the  area  sinks.  This  sinking 
must  obviously  be  accompanied  by  the  actual  displacement  of 
material  from  underneath,  which  will  be  forced  below  the  surround- 
ing regions,  and  increase  their  relative  height.     Thus,  as  long  as 
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inking  continues,  there  is  a  transfer  of  material,  squeezed  out  from 
nder  the  depressed  area,  and  forced  helow  the  hordering  land  region. 

As  a  great  thickness  of  sediment  accumulates  on  the  margins 
f  the  main  area  of  depression  (which  is  itself  far  from  land), 
wing  to  the  establishment  of  a  temperature  gradient  throughout 
lis  sediment,  the  contraction  of  this  border  region  becomes  oon- 
inually  less  and  less  than  that  of  the  main  area  of  depression ; 
nd  at  last  the  region  of  sedimentation  ceases  to  sink  and  begins 
)  rise  owing  to  the  introduction  of  material,  squeezed  out  from 
nder  the  more  rapidly  contracting  area. 

To  sum  up,  the  sequence  of  events  will  be  briefly  as  follows  : — 

First,  when  sediment  is  accumulating,  the  neighbouring  land 
rea  is  rising,  owing  to  actual  transference,  from  under  the  sinking 
rea  to  beneath  the  neighbouring  land  region. 

Secondly,  this  continues  until,  owing  to  the  thickness  of  sediment 
ccumulated,  the  area  of  deposition  contracts  at  a  much  slower  rate 
[lan  the  main  area  of  depression,  and,  in  consequence,  is  forced 
p  by  the  introduction  of  material  squeezed  out  from  beneath  that 
rea.  Thus  the  tendency  is,  as  I  stated  above,  to  narrow  the  main 
rea  of  depression. 

The  last  point  in  Mr.  Reade's  paper,  to  which  I  wish  to  call 
ttention,  has  reference  to  the  effects  of  denudation. 

As  far  as  I  am  able  to  understand  the  very  brief  statement  con- 
lined  in  his  paper,  Mr.  Reade  argues  that,  as  foot  after  foot  of  rock 
)  removed  by  denudation,  the  temperature  of  any  point  beneath 
)  gradually  lowered,  so  that  contraction  sets  in.  which  doubtless 
3nd8  to  draw  the  rocks  in  such  an  area  of  denudation  away  from 
lose  surrounding  it. 

The  actual  results  which  Mr.  Beade  considers  would  follow  are 
est  given  in  his  own  words  : — 

**  The  weight  of  the  crust  itself  squeezes  up  all  vacuities,  and  the 
rea  adjusts  itself  to  its  decrease  of  volume  by  normal  faulting  and 
eying  up  in  a  wedge-like  manner  and  by  compressive  extension." 

Now  to  bring  about  normal  faulting  the  rocks  must  not  only  split 
part,  which  is  the  necessary  result  of  contraction,  but  this  must  be 
ccompanied  by  vertical  displacement,  and  I  can  see  no  possible 
iuse  contained  in  the  theory  which  accounts  for  the  vertical  sinking 
f  one  part  of  the  area  of  denudation  relative  to  another. 

Again,  as  regards  what  Mr.  Reade  calls  compressive  extension, 

think  it  is  a  sufficient  answer  to  point  out  that  contraction  is 
reatest  nearest  the  surface  ;  for  it  is  always  there  that  the  reduction 
f  temperature  must  originate.  In  other  words,  the  first  layers  to 
)ntract  are  the  outer  ones,  or  those  under  the  least  overlying 
'eight ;  and  further,  in  contracting,  each  layer  must  tend  to  assist 
le  contraction  of  one  lower.  To  bring  to  a  close  a  paper  perhaps 
Iready  inexcusably  long  J  will  briefly  recapitulate  my  own  views 
Q  the  results  to  be  expected  in  such  a  contracting  area  of  denudation. 

In  so  far  as  contraction  is  general  over  the  area,  the  tendency  will 
9  for  the  whole  area  to  attempt  to  bend  inwards,  and  the  result 
f  such  a  tendency  is  to  check  the  introduction  of  material  which« 
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as  I  have  attempted  to  show,  is  being  squeezed  out  from  beneath  the 
neighbouring  area  of  depression*  Thus,  such  material  will  be 
more  and  more  used  up  in  raising  the  bordering  one  of  sedimenta- 
tion, with  the  ultimate  production  of  a  parallel  elevation. 

In  so  far  as  contraction  actually  produces  splitting,  this  will, 
over  a  region  with  no  especial  lines  of  weakness,  produce  a  very 
complicated  system  of  joints  throughout  the  entire  mass ;  and,  by 
thus  slowly  relieving  pressure,  bring  about  the  formation  of  holo* 
crystalline  igneous  rocks  beneath. 

YIII. — How  Chlorite  is  Convebted  into  Biotitb. 
By  C.  Callaway,  D.Sc.,  F.G.S. 

GENERAL  MoMAHON'S  paper  in  the  Oeolooioal  Maoaziki 
for  June  attacks  my  conclusion  that  the  Malvern  biotite  is 
formed  from  chlorite,  but  leaves  my  evidence  untouched.  Indeed, 
a  large  part  of  the  article  is  occupied  in  discussing  a  theory  which 
I  do  not  hold.  I  have  never  said  that  the  chlorite  was  converted 
into  biotite  by  contact-action  only.  That  there  may  be  no  further 
mistake,  let  me  repeat  that,  in  the  Malvern  rocks,  chlorite  is  changed 
to  biotite  by  contact-action  jIub  dynamic  deformation. 

General  McMahon,  in  rejecting  my  theory,  has  rightly  felt  that 
he  was  bound  to  offer  an  alternative  explanation.  He  is  aware  that 
the  materials  for  the  manufacture  of  the  mica  must  come  from  some- 
where, and  he  suggests  that  it  may  have  been  produced  by  "  direct 
impregnation  "  from  the  granite.  That  the  granite  has  impregnated 
the  encasing  diorite  with  one  at  least  of  its  constituents,  viz. 
potash,  is  one  of  my  own  points;  but  that  it  has  bodily  produced  the 
biotite  is  simply  impossible.  This  granite,  it  must  be  remembered, 
consists  almost  exclusively  of  quartz  and  potash  felspar.  An  analysis 
of  it  by  Mr.  Player  j^ives  1*1  per  cent,  of  iron-oxides,  and  0*3  per 
cent,  of  magnesia.  Three  analyses  of  the  same  rock  by  Mr.  Tiniins 
yield  about  the  same  results,  but  one  of  them  contains  no  magnesia. 
You  cannot  get  a  black  mica  without  iron  or  magnesia,  and  it  is 
certain  that  the  granite  could  not  have  supplied  enough  of  these 
bases  for  its  manufacture.  The  encasing  diorite,  on  the  other  hand, 
contains  plenty  of  both  bases. 

General  McMahon  objects  to  my  statement  that  the  conversion  of 
chlorite  into  biotite  is  an  "  observed  fact."  He  writes  that  **  the  fact 
actually  observed  is  the  existence  of  chlorite  and  biotite  in  the  same 
rock."  So  my  critic  believes  that,  merely  because  the  two  minerals 
lie  side  by  side,  I  have  infeited  that  the  one  was  formed  out  of  the 
other  I  I  might  as  well  have  argued  that  the  sugar  in  my  tea-cup 
was  evolved  out  of  tea. 

I  will  give  General  McMahon  one  or  two  facts,  and  allow  him  to 
judge  whether  they  support  his  suggestion.  Near  the  Wych,  there  is 
a  very  clear  case  of  contact  between  diorite  and  granite.  Both  are 
sheared,  and  more  or  less  altered.  Near  the  contact,  the  hornblende 
of  the  diorite  is  decomposed  ;  chlorite  and  iron-oxide  being  most 
conspicuous  amongst  the  resulting  products.  Slides  of  the  rock  taken 
at  the  exact  contact,  show   the  decomposed  diorite  side  by  side 
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with  crushed  granite.  The  chlorite  and  iron-oxide  are  seen  to 
be  creeping  in  between  the  fragments  of  granite,  and  forming 
a  matrix  to  them.  Another  slide,  taken  from  within  an 
inch,  shows  the  same  thing;  but  the  signs  of  shearing,  as  dis- 
tinguished from  mere  crushing,  are  evident.  Many  other  slides, 
selected  first  at  intervals  of  an  inch  or  two,  and  then  at  greater 
distances,  exhibit  more  and  more  dearly  the  laminated  structure  of 
the  ordinary  gneiss,  as  the  shearing  becomes  more  even  and  uniform. 
Thus  we  see  produced  a  gneiss  in  which  lenticles  of  quartz-felspar 
granite  are  interlaminated  with  chlorite  and  iron-oxide.  Here  and 
there  patches  of  black  mica  appear  in  the  chlorite,  especially  round 
particles  of  the  opaque  iron-oxide.  In  the  same  locality,  at  a  little 
distance,  the  chlorite  is  largely  replaced  by  the  mica.  The  evidence 
for  the  origin  of  this  mica  appears  to  me  irresistible.  It  must  have 
come  from  either  the  infiltrated  products,  or  from  the  granite,  or  in 
part  from  both.  But  it  could  not  have  come  from  the  granite,  for  that 
contains  a  mere  trace  of  iron-oxide  and  magnesia.  It  must,  there- 
fore, have  originated  from  the  chlorite  and  iron-oxide,  with,  no 
doubt,  the  assistance  of  potash  from  the  partially  decomposed  granite. 
But  I  will  give  my  critic  another  case.  I  will  put  it  in  a  semi- 
diagrammatic  form,  merely  remarking  that  it  represents  what  occurs 
in  countless  sections  in  the  Malvern  Hills.  The  distance  from 
A  to  C  is  usually  a  few  feet  or  yards. 


A 

B 

C 

Ordinary 
diorite. 

The  same  diorite,  growing 
progressiyely  sheared  towarcu 
u,  the  horablende  going  into 
chlorite,  etc. ;  the  ^Ispar  be- 
coming corroded  and  yielding 
quartz. 

A     granite  -  diorite     plexus. 
Chlorite  of    the  diorite  largely 
replaced   by  biotite,   its  felspar 
often    deeply    corroded,    quartz 
abundant  in  it. 

The  gradation  between  A  and  C  is  clearly  seen  both  in  the  field 
and  in  microscopic  slides,  of  which  some  hundreds  bearing  upon 
this  point  have  been  examined.  It  is  apparent  in  the  felspars, 
whose  changes  can  be  followed  step  by  step.  It  is  equally  clear  in 
the  basic  minerals,  the  hornblende  decomposing  into  chlorite,  iron- 
oxide,  and  sometimes  epidote,  and  the  chlorite  becoming  banded 
with  biotite,  and,  within  the  complex,  being  largely  replaced  by  it 
It  appears  to  me  inevitable  that  either  the  biotite  has  been  produced 
out  of  the  hornblende  through  the  intermediate  form  of  chlorite,  or 
the  hornblende  has  been  produced  out  of  the  biotite  through  the 
same  intermediary.  But  if  the  latter  alternative  be  accepted,  how  is 
it  explained  that  an  unsheared  diorite  is  produced  out  of  a  sheared 
micaceous  rock  ? 

General  McMahon  will  perhaps  suggest  that  there  must  be  a 
break  somewhere ;  that  the  biotite  is  decomposed  to  chlorite,  and 
the  hornblende  is  an  independent  mineral.  This  view  is  negatived 
by  the  fact  that  the  hornblende  and  the  chlorite  pass  into  each  other. 
A  more  reasonable  suggestion  would  be  that  both  the  hornblende 
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and  the  biotite  are  deoompoaed  into  ohloritey  and  that  a  break  ooean 
somewhere  in  this  intermediate  dhloritized  rock.  Bat  thii  Tiew 
labours  ander  enormous  diffioalties.     For : — 

(1)  There  is  no  evidenoe  of  a  break,  either  in  the  field  or  the 
microsoope.  The  changes  that  take  plaoe,  whether  stmctiual  or 
mineral,  proceed  gradatimy  and  are  similar  in  namberleaa  aeotiooa 

(2)  The  minei^  transformations  proceed  pari  pa»$u  with  the 
mechanical  deformation ;  hornblende,  for  example,  in  the  ordinary 
diorite  changing  to  chlorite  in  the  crushed  and  slightly  sheared  rock, 
the  chlorite,  in  its  turn,  passing  into  biotite  in  the  core  of  the  shear* 
zones.  The  felspar  also  undergoes  transformations  oorreaponding  to 
the  degree  of  shearing. 

(3)  The  uniform  appearance  of  mica  where  the  sthearing  is  great 
and  where  the  granite-veins  are  numerous,  while  it  is  nowhere  seen 
where  shearing  and  veins  are  absent,  appears  almost  to  demonstrate 
that  these  are  the  true  causes  of  the  generation  of  the  mica.  It 
would  be  strange,  indeed,  if  such  powerful  oaoses  produced  no 
effect  That  the  mineral  changes  gradually  increase  as  we  approach 
the  veined  complex  is  quite  inconsistent  with  the  hypothesis  of  a 
break.  If  there  be  no  break,  it  appears  to  me  that  my  conclusion  ie 
demonstrated. 

My  excuse  for  again  troubling  the  readers  of  thia  Maoazimx  on 
this  subject  is  that  it  has  a  significance  beyond  the  mere  mineral 
change.  The  origin  of  the  biotite  virtually  carries  with  it  the  whole 
theory  of  the  metamorphism  at  Malvern. 


I&  E  "V  I  E  "W"  S- 

I.  —  Pal^ontolooia  Abobntina.  II.  Contributions  to  a  Know- 
ledge OF  the  Fossil  Yrrtebbata  of  Aboentina.  By  B. 
Ltdekkeb.  (Annales  del  Museo  de  la  Plata.)  La  Plata,  1893. 
(Edited  by  Dr.  F.  P.  Mobeno,  Director  of  the  Museum.) 

THIS  beautifully  printed  and  illustrated  volume  is  the  outcome 
of  work  done  by  Mr.  Lydekker  during  a  short  visit  to  the 
Argentine  Republic  in  the  autumn  of  last  year.  The  confusion  that 
had  arisen  in  the  nomenclature  of  the  extinct  mammalian  fauna  of 
South  America  was  very  great,  and  it  was  desirable  that  someone 
well  acquainted  with  the  vertebrate  palaBontology  of  the  Old  World 
should  have  an  opportunity  of  examining  the  material  which  had 
been  the  subject  of  so  many  papers,  in  some  of  which,  it  was 
evident,  new  genera  and  species  had  been  founded  with  a  plentiful 
lack  of  discretion.  The  announcement,  therefore,  that  Mr.  Lydekker 
was  about  to  visit  the  La  Plata  Museum,  where  many  of  the  types 
are  preserved,  was  very  welcome,  and,  in  spite  of  the  shortness  of 
the  time  at  bis  disposal,  he  has  been  able  to  make  important  additions 
to  our  knowledge  of  the  fossil  vertebrates  of  South  America.  The 
present  volume  contains  three  Memoirs  : 

(1)  The  Dinosaurs  of  Patagonia. 

(2)  Cetacean  Skulls  from  Patagonia. 

(3)  A  Study  of  Extinct  Argentine  Ungulates. 
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1. — This  Memoir  is  of  peculiar  interest,  since  it  contains  a 
description  of  the  first  Dinosaurs  recorded  from  South  America. 
These  are  referred  to  three  genera :  ZVtonoaauriM,  ArgyroBaurus,  and 
MicroeoduB,  the  first  two  of  which  belong  to  the  Sauropodous  group, 
while  the  third  is  of  doubtful  position.  The  remains  ascribed  to 
TitanosauruBf  a  genus  originally  founded  on  some  caudal  vertebrse 
from  the  Lameta  beds  (Lower  Cretaceous)  of  India,  are  provisionally 
referred  to  two  species,  and  tend  to  show  that,  in  some  respects, 
e.g.  the  biconvex  first  caudal  vertebra,  this  form  approached  the 
Crooodilia  more  nearly  than  any  other  Dinosaur  at  present  known. 
Its  wide  distribution,  occurring  as  it  does  in  India,  England,  and 
South  America,  is  also  notable,  but  the  discovery  of  further  remains 
may  show  that  the  relationship  between  the  species  from  these 
various  regions  is  by  no  means  so  close  as  it  now  appears.  The 
second  genus,  Argyrosaurua,  is  new,  and  is  founded  on  a  beautifully 
preserved  fore-limb,  the  possessor  of  which  must  have  rivalled  the 
largest  known  Dinosaurs  in  size.  The  third  genus,  MierocceltUf  is 
also  new  and  is  represented  only  by  a  few  isolated  bones.  A  small 
dorsal  vertebra  is  doubtfully  referred  to  a  member  of  the  Theropodous 
group.  The  exact  age  of  the  deposits  in  which  these  reptilian  remains 
are  found  is  doubtful,  but  is  most  probably  Lower  Cretaceous. 

The  second  Memoir,  "On  Cetacean  Skulls  from  Patagonia,"  is 
valuable  for  the  light  which  it  throws  on  some  points  in  the 
phylogeny  of  the  group  in  question.  The  first  form  described  is 
a  small  baleen  whale,  referred  to  the  European  genus  Cetotherium 
and  remarkable  for  the  large  size  of  the  nasals,  which  partly  roof 
in  the  narial  chamber.  Two  other  European  genera,  Physodon  and 
Hoplocetua  (Paracetue),  are  represented  by  skulls,  hitherto  unknown ; 
and  a  new  family,  the  Pbysodontidse,  is  instituted  for  their  reception, 
from  the  fact  that  the  upper  jaw  possesses  teeth,  thus  differing  from 
that  of  the  nearly  related  sperm  whales.  The  Squalodontidse  are 
represented  by  a  new  genus,  Prosqualodon,  in  which  the  nasals  are 
better  developed  than  in  Squalodon.  Moreover,  the  mandibular 
symphysis  is  shorter  and  the  dentition  is  different,  there  being 
five  (?  six)  molars  and  four  premolars.  The  most  interesting  form 
of  all  is  referred  to  a  new  genus,  Argyrocetua,  which  is  made  the 
type  of  a  family,  the  Argyrocetidse ;  it  is  said  to  be  most  nearly 
related  to  the  PlatanistidsB.  The  notable  characteristics  of  this 
genus  are  the  possession  of  large  square  nasals  and  prominent 
occipital  condyles,  and  the  complete  symmetry  of  the  skull.  The 
nasal  opening  may  have  been  double.  The  deposits  in  which  all 
these  remains  were  found  are  not  later  than  the  Miocene  and  may 
be  Upper  Eocene. 

In  the  third  Memoir,  "A  Study  of  the  Extinct  Ungulates  of 
Argentina,"  the  author  states  that  his  "  main  object  has  been  to 
find  out  how  many  of  the  numerous  genera  that  have  been  named 
of  late  years  on  the  evidence  of  more  or  less  satisfactory  materials 
were  really  entitled  to  stand,  and  also  to  elucidate  in  some  degree 
their  natural  affinities."  He  has,  however,  passed  over  such  genera 
as  are  founded  on  insufficient  evidence  or  are  not  represented  in  the 
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Museum,  and  does  not  attempt  to  give  a  oomplete  synonymy  of 
those  which  he  recognises  as  valid. 

The  suborder  Tozodoutia  is  first  discussed,  and  its  members  are 
regarded  as  phylogenetically  "  related  to  the  Perissodactyla,  but  as 
retaining  certain  features  now  common  to  the  Artiodactyla,  which  ba?e 
probably  been  inherited  from  common  Condylarthrous  ancestors.** 
The  suborder  is  subdivided  into  three  families — the  Pacbymcid»k 
TypotheridsB,  and  Toxodontidsd.  Of  these  the  first  includes  two 
genera,  Paehyrucus  and  Hegetotherium,  the  species  of  which  are  all 
of  small  size,  and  are  characterized  by  the  absence  of  internal 
enamel  folds  in  the  upper  molars,  by  the  antero-posterior  elongation 
of  the  mandibular  condyle,  and,  in  Pachyrucns  at  least,  by  the 
possession  of  perfectly  unguiculate  feet.  The  aathor  lays  some 
stress  upon  the  rodent-like  appearance  of  these  forms,  which,  how- 
ever, he  regards  merely  as  the  result  of  convergence.  In  the 
Typotheridse  is  included  the  genus  Typotherium  only.  The  family 
Toxodontidse  embraces  the  genera  ToxodoUf  Toxodontotherium,  XoUh 
don,  Steno8tephanu8,  and  Nesodon.  Under  most  of  these  there  is  a 
more  or  less  imposing  list  of  synonyms ;  but  the  climax  is  reached 
in  the  case  of  Netodon,  of  which  no  less  than  ten  synonymous  generio 
terms  are  given,  while  of  the  species  Nesodon  imbriecUue  and  if. 
patagonicus  the  specific  names  are  said  to  be  countless.  Some  ex- 
planation of  this  unfortunate  condition  of  affairs  is  to  be  found  in 
the  extraordinary  changes,  here  fully  described,  which  are  under- 
gone by  the  dentition  at  different  ages  in  animals  of  this  genus ;  but 
many  of  the  names  seem  to  have  been  perpetrated  without  a  shadow 
of  excuse. 

A  new  suborder,  the  Astrapoiheriay  is  established  for  the  reception 
of  the  families  Homalodontotheridsd  and  Astropotheridse,  which  it 
was  found  impossible  to  include  in  the  Toxodontia,  Litoptema,  or 
Perisiodaetyla. 

In  the  lAtopterna  the  author  places  the  Proterotheridsd  (including 
the  genera  Diadiophorus,  Epitherium,  and  Proterotherium)  and  the 
Macrauchenidse  (with  the  genera  Oxyodontotheriumf  Scalabrinia—t^ 
name  substituted  for  the  barbarous  compound  Scaldbrinitheriun — 
and  Macrauchenia),  In  this  latter  family  the  author  states  that 
there  is  a  gradual  increase  in  size  and  specialization  from  the  older 
Patagonian  Tertiaries  to  the  later  Pampean  deposits. 

In  the  PerisBodactyla  three  genera  of  the  Equidse,  JSquuSy  Eippi* 
dtum,  and  Onohippidium,  are  recognised,  Burmeister's  opinion  that 
HippapluB  is  merely  founded  on  worn  teeth  of  Hippidium  being 
confirmed.  Both  Hippidium  and  Onohippidium  are  remarkable  for 
the  great  backward  prolongation  of  the  nasal  slits ;  Onohippidium  is 
further  notable  for  possessing  enormous  lachrymal  fossffi. 

Ribodon  limbaiunif  a  reputed  tapir,  is  now  found  to  be  a  member 
of  the  Sirenia,  and  is  perhaps  referable  to  Ealiiherium  or  Prorastoma, 
The  Memoir  concludes  with  an  account  of  some  of  the  Artiodactyla. 

The  plates,  some  forty-three  in  number,  with  which  these 
Memoirs  are  illustrated  are  very  beautiful  examples  of  what  may  be 
done  iff  this  direction  by  photography,  but  at  the  same  time  the 


Reviews — Dr.  Paul  Choffat — Jurassic  Fauna  of  Portugal,       325 

softness  of  outline  and  gradation  of  tone  to  which  their  beauty  is 
due,  renders  it  very  difficult  in  many  cases  to  make  out  details  of 
structure,  especially  in  the  teeth. 

Mr.  Lydekker  is  paying  a  second  visit  to  La  Plata,  and  we 
can  only  hope  that  he  will  make  further  contributions  to  our 
knowledge  as  valuable  as  those  contained  in  the  present  work,  and 
will  treat  the  Edentata  and  Marsupials  as  he  has  here  done  the 
Ungulates. 

II. — Dbscbiption  db  la  Fauns  Jurassiqub  du  Pobtuqal.  Classe 
DES  C^PHALOPODES.  Par  Paul  Choffat.  Premiere  serie: 
Ammonites  du  Lusitanien  de  la  Contree  de  Torres  Yedras. 
Direction  des  Travauz  Geologiques  du  Portugal.  Pp.  1-82, 
pis.  i.-xix.     (Lisbonne,  1893.) 

THIS  is  the  first  part  of  M.  Chofifat's  Monograph  of  the  Ammonites 
of  the  Jurassic  rocks  of  the  Torres  Yedras  region,  under  which 
name  the  author  includes  the  Jurassic  rocks  of  the  Montejunto 
Chain,  and  those  of  the  less  elevated  region,  bounded  on  the  east 
by  the  Tertiary  beds  of  the  Tagus  basin,  and  on  the  south  by  the 
Cretaceous  rocks  extending  from  the  Tagus  to  the  Atlantic.  The 
author  states  that  he  has  almost  completed  the  stratigraphical 
description  of  this  region,  but  as  this  detailed  account  has  not  yet 
been  published,  he  prefaces  his  description  of  the  Ammonite  fauna 
with  a  few  remarks  on  the  sequence  of  the  beds. 

In  the  rocks  which  succeed  the  Callovian  two  great  divisions  can 
be  recognised — the  Lower  Malm,  which  the  author  calls  '* Lusitanien"; 
and  the  Upper  Malm,  comprising  beds  corresponding  to  the  Port- 
landian  and  Pterocerian  of  Central  Europe,  and  strata  containing 
a  fauna  intermediate  between  that  of  the  latter  and  that  of  the 
Lower  Malm.  Cephalopods  are  exceedingly  rare  in  the  Upper 
Malm,  but  the  Lower  Malm  or  Lusitanian  has  yielded  the  rich 
Ammonite  fauna  described  in  the  present  work. 

The  Lusitanian  is  divided  into  three  principal  divisions,  which,  in 
descending  order,  are  (i.)  the  Abadia  series,  having  a  thickness  of 
about  800  metres  ;  (ii.)  the  Montejunto  limestones  with  a  thickness 
of  from  200  to  500  metres ;  and  (iii.)  the  Caba^o  limestones  with 
a  thickness  of  about  500  metres.    * 

The  author  then  proceeds  to  a  description  of  the  species.  The 
Cabaqo  beds  have  furnished  a  few  specimens  of  Cardioceraa,  which 
cannot,  however,  be  specifically  identified.  The  genus  Phylloceras 
is  represented  by  seven  species,  one  being  new,  viz.  PhyUoceras 
Douvillei,  a  species  intermediate  between  Phyll,  siibohtusumt  Kuder- 
natsch,  and  Phyll.  Beneckei,  Zittel.  Under  Phyll.  silenum^  Fontannes, 
the  author  makes  some  interesting  observations  on  this  and  allied 
species,  and  to  this  species  he  refers  the  form  which  Sharpe  recorded 
from  this  region  as  Ammonites  tortistdcatua,  d'Orbigny.  One  species 
of  Lytoeeras,  which  the  author  compares  with  L,  Adeloidea  (Kuder- 
natsch),  has  been  furnished  by  the  Montejunto  beds.  Marpoceraa  is 
represented  by  three  species,  one  being  new,  but  not  named,  whilst 
OchetoeeraSf  which  is  regarded  as  a  subgenus  of  Harpoceras,  is 
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represented  by  two  already  described  speoies,  and  a  new  species  (not 
named)  near  to  H.  eanaliferum  (Oppel).  Four  species  of  Oppdia 
are  recorded ;  one  of  these  is  stated  to  be  new  (bat  not  named), 
and  described  as  near  to  0.  heetica  (Reinecke).  Neumayria  is 
represented  also  by  four  species,  one  of  which  (N.  Kohffi)  is  new  and 
closely  allied  to  Neum.  Franciseanay  Fontannes.  To  this  genus  M. 
Choffat  assigns  the  specimen  which  Sharpe  doubtfully  referred  to  Jmm. 
BoucaultianuSj  d'Orbigny.  The  upper  part  of  the  Montejanto  beds 
has  yielded  some  very  small  specimens  of  OlcoBtephanm.  For  the 
genus  Perisphtnctes,  which  is  numerously  represented,  the  author 
adopts  the  classification  of  Sutner  and  Steinmann ;  more  than  forty 
species  are  recognised,  seventeen  of  which  are  described  and  named 
as  new.  Of  the  ten  species  which  are  recognised  as  belonging  to 
Aspidoceras,  one  is  new  (A.  Ltuttanteum).  PeUoeera$  is  represented 
by  two  species,  one  of  which  is  considered  to  be  new,  but  is  not 
named.  A  specifically  indeterminable  example  and  a  few  small 
specimens  are  referred  to  ZitteFs  genus  Simoeeras,  whilst  the  genus 
HopliteB  is  represented  by  the  new  species  H,  Gnimaraeai.  Aptyohi 
also  have  been  found. 

The  Caba90  beds  exhibit  a  decidedly  Oxfordian  facies;  their 
Ammonite  fauna  corresponds  to  that  of  the  iransversarttw-zone,  the 
eordatua-zone  being  represented  by  about  200  metres  of  limestones, 
devoid  of  Ammonites,  separating'these  Ammonite-bearing  beds  from 
the  underlying  Oallovian  rocks. 

The  strata  at  the  base  of  the  Montejunto  beds  for  a  thickness  of 
10  metres  yield  Lamellibranchs  which  suggest  affinity  with  those 
of  the  Cabago  beds  below ;  but  their  Ammonite  fauna  is  comparable 
rather  with  that  of  the  himammatus-zoue.  The  Ammonite  fauna  of 
the  rest  of  the  beds  presents  a  mixture  of  forms  belonging  to  the 
bimammatua-  and  tenuilohatus-zoueSy  thereby  resembling  the  fauna 
of  the  himammatus'zone  in  Central  Europe.  It  possesses  a  character 
more  Mediterranean  than  that  of  Swabia  (S.  Germany)  and  of 
Argovia  (Switzerland) ;  but  cannot  be  regarded  as  the  typical 
Mediterranean  facies  of  this  zone;  this  is  found  further  to  the 
south,  in  Algarve  (Portugal). 

The  Ammonite  fauna  of  the  Abadia  series  is  referable  to  that  of 
the  tenutlobatuB-zone ;  the  Ammonite- bearing  beds  do  not  rest  upon 
Montejunto  beds,  but  are  separated  from  them  by  strata  having  a 
thickness  of  nearly  400  metres. 

M.  Chofiat  deserves  our  best  thanks  for  so  fully  describing  this 
rich  and  interesting  fauna,  which  is  amply  illustrated  in  the  accom- 
panying twenty  excellent  phototype  plates.  G.  C.  C. 

III. — Gkologioal  Sukvby  op  Canada,  Alfred  R.  C.  Selwtn,  F.R.S., 
Director.  Annual  Report  (New  Series)  :  Vol.  V.  1890-91. 
(Ottawa :  S.  E.  Dawson,  1893.) 

CONSIDERING  the  wide  field  embraced  in  the  range  of  the 
Geological  Survey  of  Canada,  which  extends  across  the 
continent  from  the  Atlantic  to  the  Pacific,  one  is  not  surprised  at 
the  bulk  of  the  Annual  Report,  which  now  appears  in  two  parts, 
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containing  1566  pages  of  text,  and  various  maps  and  illustrations. 
From  the  summary  of  the  Director  we  learn  that  geological  investi- 
gations were  carried  on  in  all  the  provinces  of  the  Dominion  by  no 
fewer  than  twenty  distinct  parties,  of  which  one  was  in  British 
Columbia,  one  in  Alberta,  two  in  Manitoba,  seven  in  Ontario,  five 
in  Quebec,  one  in  New  Brunswick,  and  three  in  Nova  Scotia.  In 
the  Eastern  provinces  the  survey  work  consists  mainly  in  revising 
and  adding  to  the  details  of  the  geology  of  districts  which  have  been 
already  examined  and  reported  on,  whilst  in  the  North- West  and  in 
British  Columbia  the  work  is  largely  in  exploring  and  mapping  new 
areas,  and  one  may  naturally  look  for  greater  interest  and  novelty  in 
the  reports  from  tiiese  regions. 

The  first  report,  after  the  summary  of  the  Director,  is  by  Mr. 
B.  G.  MoConnell  on  the  country  between  the  Peace  River  and  the 
Athabasca  Hiver,  north  of  Lesser  Slave  Lake,  comprising  an  area  of 
about  44,000  square  miles,  which  is  for  the  most  part  a  gently 
undulating  wooded  plain,  diversified  with  numerous  lakes,  muskegs, 
and  marshes.  The  lakes  are  mostly  shallow  hollows  in  Boulder- 
clay  ;  many  of  those  of  former  times  are  now  filled  up.  The  greater 
part  of  the  region  is  underlain  by  soft  dark  greyish  or  brownish 
shales  of  Cretaceous  age,  with  but  few  fossils  in  them.  They  have 
an  estimated  thickness  of  3000  feet,  and  they  represent  the  Dakota, 
Ck)lorado,  Montana,  and  Laramie  formations.  .  The  Cretaceous  beds 
rest  directly  on  nodular  and  crumbly,  nearly  horizontal,  limestones, 
filled  with  fossils  of  Devonian  age.  Not  more  than  100  feet  of 
these  limestones  are  exposed  in  the  Peace  and  Athabasca  regions, 
llie  most  striking  geological  feature  of  this  district  is  the  so-called 
Tar-sands,  exposed  in  the  valley  of  the  Athabasca  River  and  some 
of  its  tributaries.  The  Tar-sands  were  originally  unconsolidated 
Bands  and  soft  sandstones,  ranging  from  fine  silt  to  coarse  grit,  and 
tbey  are  now  thoroughly  impregnated  by  a  bituminous  material 
which  has  cemented  them  into  a  coherent  tarry  mass.  In  places 
they  form  high  cliffs,  varying  from  dark-brown  to  jet  black,  from 
which  streams  of  so-called  tar  issue  in  warm  weather  and  form 
pools  at  the  base  of  the  escarpment.  The  Tar-sands  are  exposed  for 
\  distance  of  90  miles  along  the  Athabasca  Valley ;  they  are  from 
140  to  225  feet  in  thickness,  and  have  an  estimated  minimum 
distribution  of  1000  square  miles.  The  sands  themselves  are  clearly 
3f  Cretaceous  age,  of  which  they  form  the  lowest  local  divisioD, 
ind  they  rest  directly  on  the  greyish,  crumbly,  evenly  stratified, 
Devonian  limestones.  The  enormous  amount  of  bituminous  material 
veith  which  the  sands  are  now  charged  is  considered  by  the  Canadian 
^legists  to  be  the  heavy  constituents  of  petroleum  oil  which  has 
welled  up  from  the  underlying  Devonian  limestones  during  past 
iges.  But,  strangely  enough,  these  limestones,  so  far  as  they  are 
exposed,  are  by  no  means  specially  bituminous  in  character,  and 
the  sources  of  the  bituminous  material  in  the  sands  are  therefore 
attributed  to  underlying  beds,  of  which  at  present  nothing  is  known. 

The  Athabasca  and  Peace  River  regions  are  so  thickly  covered 
irith  Glacial  Drift  that  it  is  only  in  the  main  drainage  valleys  and 
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along  the  escarpments  of  some  of  the  plateanx  Uiat  the  older  roolra 
are  shown.  The  basal  glacial  beds  are  stratified  sands  and  gravels 
overlain  by  Boulder-clay,  and  this  in  places  is  covered  by  drift 
gravels.  In  some  of  these  latter  there  are  masses  of  the  Tar-sands, 
which  have  been  transported  by  the  glacier,  and  Mr.  MoConDell 
discovered  portions  of  this  material  on  the  plateau  summit  of  Biich 
Mountain,  which  could  only  have  been  derived  from  the  exposure! 
in  the  Athabasca  Valley  at  a  lower  level  of  many  hundreds  of  feet. 
Accompanying  the  report  of  this  district  are  several  photographs,  an 
index  map,  and  sections. 

Another  elaborate  and  interesting  report  is  that  by  Mr.  J.  B. 
Tyrrell  on  North- Western  Manitoba,  including  portions  of  the 
adjacent  districts  of  Assineboia  and  Saskatchewan.  The  oldest  rocki 
of  this  district  are  Silurian,  mainly  limestones  and  dolomites,  with 
characteristic  fossils  of  Niagara  age,  which  are  shown  near  the 
mouth  of  the  Saskatchewan  on  the  west  side  of  Lake  Winnipeg,  and 
also  along  the  eastern  shores  of  Lakes  Winnepegosis  and  Manitoba. 
On  the  western  borders  of  these  lakes  there  is  an  extended  belt  of 
Devonian  rocks,  from  400  to  500  feet  in  thickness :  the  lower  portion 
of  these  are  red  shales,  which  are  overlain  by  thick  beds  of  dolomites 
containing  numerous  fossils,  amongst  others  the  well-known  brachio- 
pod  Stringoeephalus  BurHnij  and  these  are  succeeded  by  limestones 
and  shales  of  Upper  Devonian  age.  Brine  springs  are  met  with  in 
certain  areas  of  the  Devonian,  west  of  L.  Winnepegosis. 

As  in  the  Saskatchewan  region,  500  miles  further  west,  there  is 
here  also  a  tremendous  break  in  the  geological  succession,  so  that 
the  Devonian  rocks  are  immediately  succeeded  by  Cretaceous  shales 
and  sandstones,  of  which  the  country  to  the  west  of  the  lake  region 
is  mainly  formed.  The  lowest  beds  are  Dakota  sandstones,  about 
200  feet  thick ;  these  are  overlain  by  very  dark  shales  of  Benton  age, 
about  180  feet  in  thickness,  followed  by  grey  calcareous  marls  or 
shales,  occasionally  passing  into  limestones,  belonging  to  the  Niobrara 
division.  These  beds  contain  numerous  Foraminifera,  amongst  which 
Olohigerina  cretacea  is  the  most  conspicuous  species.  Some  layers 
are  largely  composed  of  the  microscopic  prisms  of  disintegrated 
shells  of  Inoceramus.  The  scales,  teeth,  and  bony  fragments  of 
fishes  are  likewise  abundant  in  these  Niobrara  shales,  and  Mr. 
Tyrrell  discovered  a  thin  band  or  bone-bed  largely  made  up  of 
these  remains,  which  yielded  on  analysis  37  per  cent,  of  phosphate 
of  lime.  Above  the  Niobrara  beds  are  the  grey  soft  shales  of  the 
Pierre  division,  which  occupy  the  higher  lands  of  the  Kiding,  Duck, 
and  Porcupine  mountains,  and  reach  a  thickness  of  about  1000  feet 
Some  of  these  shales  are  highly  siliceous,  and  they  contain  numerous 
Badiolaria,  which  have  been  determined  by  Dr.  Kiist. 

The  harder  rocks  round  the  lakes  of  this  district  show  very 
distinctly  the  glacial  strias,  the  direction  of  which  ranges  for  the 
most  part  to  the  west  of  south.*  As  an  instance  of  the  way  in  which 
the  course  of  the  glacier  has  overridden  the  slope  of  the  country, 
Mr.  Tyrrell  records  the  occurrence  of  large  boulders  of  Dakota 
sandstone  which  have  been  carried  to  a  level  of  450  feet  above  that 
oi  the  parent  rook,  the  nearest  bed  of  which  is  40  miles  distant. 
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The  next  report  is  that  of  Dr.  Robert  Bell  on  the  Sudbury  Mining 
District  to  the  north  of  Lake  Huron,  now  noted  for  the  presence  of 
nickel  and  copper  ores,  which  are  extensively  worked.  The  district 
is  wild,  hilly,  and  rooky,  and  the  glacial  boulders  are  often  piled  one 
on  the  top  of  another  without  any  fine  material  between  them.  The 
rock  succession  is :  (1)  Laurentian  gneiss  and  hornblende  granite ; 
(2)  Huronian  quartzites,  greywackes,  and  dolomites ;  (3)  Dark- 
coloured  siliceous  volcanic  breccias  and  black  slates,  overlain  by 
argillaceous  beds  and  nearly  black  gritty  sandstones  probably  of 
Upper  Huronian  or  Cambrian  age.  The  nickel  and  copper  ores  are 
always  found  in  intimate  association  with  the  greenstones,  and 
generally  at  their  junction  with  some  other  rock.  The  microscopical 
characters  of  the  Huronian  rocks  of  this  district  are  fully  described 
in  an  appendix  by  Prof.  G.  H.  Williams. 

Passing  over  Mr.  A.  J.  Low's  Beport  on  the  Geology  of  three 
counties  near  Quebec,  and  of  Mr.  Hugh  Fletcher  on  that  of  the 
counties  of  Picton  and  Colchester,  Nova  Scotia,  we  find  a  lengthy 
report  on  Natural  Gas  and  Petroleum  in  Ontario  prior  to  1891  drawn 
up  by  Mr.  P.  H.  Brumell.  Since  the  remarkable  discoveries  of 
natural  gas  in  the  Trenton  rocks  of  Ohio,  numerous  borings  in 
search  of  this  product  have  been  carried  out  in  various  parts  of 
Ontario,  but  the  only  area  in  which  it  has  been  found  in  any 
quantity  is  that  between  Lakes  Ontario  and  Erie,  not  far  from  the 
Welland  Canal.  The  gas  occurs  in  a  sandstone  of  the  Medina 
formation  (Silurian),  which  is  here  from  800  to  900  feet  beneath 
the  surface.  The  only  petroleum-producing  district  in  Ontario  is  in 
the  county  of  Lambton,  and  the  oil  is  found  in  the  Comiferous 
limestone  (Devonian)  at  depths  from  370  to  480  feet  beneath  the 
surface.  The  various  borings  have  yielded  an  interesting  record  of 
the  distribution  and  depth  of  the  PalsBOzoic  rocks  in  Southern 
Ontario,  and  they  show  a  possible  maximum  thickness  of  4200  feet 
overlying  the  Laurentian  gneiss. 

A  considerable  portion  of  part  ii.  of  the  volume  is  occupied  by  a 
chemical  contribution  to  the  Geology  of  Canada  by  G.  C.  Hofifmann, 
and  by  the  reports  of  mineral  statistics  and  mines,  which  are  mainly 
of  economical  importance. 

The  value  attached  by  the  Government  of  the  Dominion  to  the 
Geological  Survey  of  the  country  is  satisfactorily  shown  in  this 
Annual  Beport ;  and  we  are  glad  to  notice  that  it  is  published  at  the 
moderate  price  of  two  dollars,  or  less  than  eight  shillings,  whilst 
the  particular  reports,  and  the  maps,  can  be  obtained  separately  at 
prices  from  sixpence  to  one  shilling  each.  G.  J.  H. 

IV. — Chinese  Ckntbal  Asia:  a  Bide  to  Little  Thibet.  By 
Henbt  Lansdell,  D.D.,  etc.  (With  Three  Maps  and  Eighty 
Illustrations.)  In  Two  Volumes.  London :  Sampson  Low, 
Marston,  and  Co.    1893. 

DB.    LANSDELL'S    adventurous  journey  across   the  western 
end  of  Chinese  Central  Asia  was  undertaken  in  connection 
with  mission  work,  but  his  book  incidentally  includes  a  considerable 
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amount  of  informatioa,  more  or  less  geological.  Starting  from 
Enldja,  after  a  visit  to  Lake  Issik-kul,  he  crossed  the  Thian  Shan 
Chain  hj  a  glacier  pass — the  Mnz-davan — which  is  probably  from 
11,000  to  12,000  feet  above  the  sea,  and  never  before  had  been 
completely  traversed  by  a  European.  Thence  he  made  his  way 
to  Eashgar  and  Ehotan  in  Chinese  Turkestan,  and  finally  crossed  to 
Leh  by  the  Eilian,  Suget,  Earakoram,  and  Saser  Passes.  All  these 
are  more  than  17,000  feet  above  the  sea-level,  the  Earakoram  being 
18,550  feet.  The  chief  points  of  geological  interest  in  the  book 
are  accounts  of  a  severe  earthquake  at  Viemy,  near  the  Ala-taa 
Mountains,  and  of  the  geology  of  Russian  Turkistan,  compiled  from 
Bomanovsky  and  Mushketoff^s  map,  and  the  descriptions  of  the 
high  passes  over  which  his  journey  lay.  Unfortunately  the  exigenciee 
of  travel  prevented  Dr.  Lansdell  from  forming  a  collection  of  rock* 
specimens,  but  from  his  own  observations,  and  by  availing  himeelf 
of  Russian  writings,  he  is  able  to  give  some  notion  of  the  geology, 
and  still  more  of  the  geography,  of  Turkestan  and  the  bordering 
mountain  chains.  The  book,  in  short,  will  be  a  valuable  work  of 
reference  on  districts  which,  till  lately,  were  practically  inaccessible 
to  Europeans. 


L— May  23rd,  1894.— Dr.  Henry  Woodward,  F.RS.,  President, 
in  the  Chair.    The  following  communications  were  read : — 

1.  "  On  the  Stratigraphy  and  Physiography  of  the  Libyan  Desert 
of  Egypt"     By  Captain  H.  G.  Lyons,  R.E.,  F.G.S. 

The  Nubian  sandstone,  wherever  seen,  rests  unconformably  on 
the  old  rocks  called  by  Sir  J.  W.  Dawson  ArchsBan,  and  the  author 
finds  no  case  of  alteration  of  sandstone  by  these  rocks,  though  in 
one  case  it  is  altered  by  an  intrusive  dolerite. 

The  author  considers  the  Nubian  sandstone  to  be  an  estuarine 
deposit  which  was  formed  on  an  area  afterwards  gradually  invaded 
by  the  Cretaceous  sea.  He  considers  the  whole  of  the  sandstone  in 
the  region  which  he  has  examined  to  be  of  Cretaceous  age. 

He  describes  a  series  of  anticlinals,  one  set  running  W.N.W. — 
E.S.E.,  and  the  other  N.  by  E.  and  S.  by  W.  Many  springs  of  the 
oases  seem  to  occur  along  these  anticlinals,  owing  to  the  beds  which 
contain  the  water  being  brought  nearer  to  the  surface.  Historical 
evidence  is  discussed  which  points  to  the  Nile  having  reached  a 
higher  level  in  Nubia  than  it  does  at  present,  and  it  is  sugg^ted 
that  variations  in  the  level  of  the  river  were  caused  by  earth- 
movement  opposing  obstructions  to  the  river's  flow. 

The  sandstone  of  Jebel  Ahmar  near  Cairo  is  described,  and 
its  occurrence  over  a  wide  area  of  west  Cairo  is  recorded.  The 
author  considers  its  age  to  be  later  Miocene.  He  believes  that, 
with  the  exception  of  some  erosion  after  the  deposition  of  the  Eocene 
beds,  the  greatest  erosion,  including  the  cutting  out  of  the  Kile 
Valley,  took  place  in  Miocene  times,  while  a  certain  amount,  bringing 
the  area  to  its  present  condition,  was  done  in  Quaternary  times. 
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Paleozoic. 


This  agrees  with  the  observation  of  the  French  geologist  in  Algeria. 
The  origin  of  the  silioification  of  the  fossil  trees  of  the  sandstone 
deposit  is  discussed,  and  the  action  of  water  containing  sodium 
carbonate  suggested  as  a  cause. 

2.  ''  Notes  on  the  Geology  of  South  Africa."  By  D.  Draper,  Esq., 
F.G.S. 

The  district  here  considered  includes  Natal,  Zululand,  Sw:aziland, 
the  S.E.  part  of  the  Transraal,  and  the  Eastern  part  of  the  Orange 
Free  State  and  Basutoland.  Physically  it  comprehends: — 1.  The 
Drakensberg  Bange ;  divided  into — a,  Mountain  portion ;  6,  Hill* 
covered  plateau ;  e,  Highveld  plateau  :  2.  The  terrace  along  its  foot : 
8.  The  coast-belt.  Their  main  features  and  characteristics  are 
described.     The  geological  formations  are : — 

1.  Volcanic  Beds. 
Karoo      ]    tt„„^,    S    2.  Cave  Samdstone. 
Beds.      )    ^PP®'-    i    3.  Red  Beds. 

4.  Molteno  Beds. 

5.  Beaufort  Btds. 

6.  £cca  Beds. 

7.  Dwyka  (Ecca^  Conglomerate. 
[Bokkeveld  ^eds,  wanting.] 

8.  Gats  Ramd  (Zaurberg)  Quartdte. 

9.  Dolomitic  Limestone. 

10.  Table-Mountain  Sandstone. 

11.  Mahnesburj  Schists. 

12.  Oneiss  and  Granite. 

No.  1  briefly  noticed.  2.  This  caps  the  hills  of  the  plateau 
(1,  b)  ;  and  has  yielded  fossil  fishes  (described  by  Mr.  A.  S.  Wood- 
ward, F.G.S.)  in  the  Orange  Free  State.  3.  These  are  exposed  in 
the  O.  F.  S.,  at  Harrismitb,  about  100  feet  thick,  and  containing  a 
bone-breccia  from  which  reptilian  remains  were  described  by  Prof. 
Owen  in  1854.  Northwards  the  Red  beds  change  to  a  dark  grit ; 
and  siliceous  tree-stumps  occur  in  the  upper  part.  4.  These  are 
the  well-known  coal-bearing  beds  of  the  Highveld  plateau  (1,  e) 
and  Natal,  including  the  terrace  (2)  north  of  the  Tugela  River,  and 
Zululand.  The  lower  500  feet  of  these  beds  in  Natal  carry  coal 
better  than  that  of  the  Highveld,  but  have  been  let  down  to  a  lower 
level  (about  2000  feet).  In  Natal  they  thicken  northwards.  On 
the  coast-line  in  Natal  and  Zululand  portions  are  at  a  still  lower 
level  and  dip  seaward  at  20^.  Anthracite  occurs  at  St.  Lucia  Bay. 
5.  These  form  hill-side  crags  along  the  edge  of  the  terrace  (2) ;  and 
die  away  northwards  near  the  Pongolo  River.  6.  The  "  Pieter- 
maritzbnrg  Shales  "  of  Dr.  Sutherland  ;  also  die  out  northwards  near 
that  river.  7.  The  "Glacial  Conglomerate"  of  Dr.  Sutherland; 
exposed  in  high  crags  in  the  deeper  gorges  of  the  terrace  (2) ; 
stratified  and  ripple-marked ;  horieontal  inland,  but  near  the  coast 
dipping  seaward  with  the  overlying  beds.  A  patch,  much  rippled 
and  containing  few  pebbles  or  boulders,  lies  horizontal  in  the  coast- 
belt  (3)  of  Zululand  and  Swaziland  at  least  1000  feet  lower  than 
the  main  body  seen  along  the  terrace  (2).  No.  7  stretches  from 
St.  John's  River,  through  Pondoland  and  Natal  to  Zululand,  thins 
out  and  disappears  near  the  Pongolo.    Intrusive  and  flat  diorites 
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were  notioed  in  it.  A  definite  list  of  the  strata  of  this  oonglomerate, 
where  it  is  138  feet  thick  in  Zululand,  is  g^ven ;  and  the  author 
does  not  regard  it  as  of  glacial  origin.  No  9  is  treated  of  in  the 
next  paper. 

3.  **  On  the  Ooourrence  of  Dolomite  in  South  Afrioa."  By  D. 
Draper,  Esq.,  F.G.S. 

A  peculiar  calcareo-siliceous  rock,  near  Lydenbarg,  described  hy 
Messrs.  Penning  and  Crutwell  as  '<  Chalcedolite/'  and  a  simihur 
rock  mentioned  by  Mr.  Penning,  F.G.S.,  as  overlying  the  "  Black 
reef  Series  "  of  the  Megaliesberg  formation,  are  reoognised  as  dolo- 
mite. Mr.  C.  Alford,  F.G.S.,  has  described  a  "  calcareous  quartidte," 
as  passing  into  dolomite  and  ultimately  into  chert,  and  known 
as  the  ''Elephant  rock"  in  Transvaal,  sometimes  cavernous  with 
underground  waters.  From  his  own  experience  Mr.  Draper  has 
recognised  the  "  Elephant  rock"  in  the  Potschefstroom,  Lichtenburg, 
Malmani,  and  Ly  den  burg  districts  as  a  real  dolomite,  with  inter- 
stratified  siliceous  bands,  weathering  into  a  brown  earth  like  man- 
ganese oxide,  and  superficial  siliceous  debris.  It  has  its  plaoe 
between  the  Table-mountain  Sandstone  and  the  quartzite  of  the 
Oats  Hand  (=Zuurberg  quartzite  of  the  Cape).  It  has  auriferooB 
veins  in  Malmani  and  Lydenburg.  Dr.  Schrenck  has  notioed  a 
similar  dark  blue  dolomitic  limestone  in  Great  Namaqualand.  The 
deep  water  holes  in  it  in  Malmani  are  comparable  with  those  found 
by  F.  Galton  in  West  Central  Africa.  The  great  caves  in  Mashona- 
land  may  belong  to  it.  The  extensive  tufaoeous  deposits  in  Griqna- 
land-West,  the  Transvaal,  and  Orange  Free  State  were  probably 
derived  from  this  extensive  dolomite. 

4.  "Contributions  to  the  Geology  of  British  East  Africa."  By 
J.  W.  Gregory,  D.Sc,  F.G.S. 

The  author  describes  moraines,  strias,  glacial  lake-basins,  perched 
blocks,  and  roches  moutonneea  below  the  present  limits  of  the  glaciers 
of  Mount  Kenya,  which  he  maintains  to  indicate  the  existence  of  a 
''  calotte  "  or  ice-cap  extending  at  least  5,400  feet  farther  down  the 
mountain  than  the  termination  of  the  present  glaciers,  and  possibly 
farther,  for  in  the  belt  of  forest  detailed  observations  could  not  be 
made. 

He  agrees  that  this  more  extensive  glaciation  was  produced  by  a 
greater  elevation  of  Mount  Kenya,  and  that  any  theory  of  universal 
glaciation  is  unnecessary,  and  indeed  opposed  by  many  facts  in 
African  geology. 

He  discusses  the  probable  influence  of  this  former  glaciation  on 
the  meteorological  conditions  of  the  surrounding  area  and  the  dis- 
tribution of  its  flora  and  fauna. 


II.— June  6th,  1894.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read : — 

1.  "On  the  Banded  Structure  of  some  Tertiary  Gabbros  in  the 
Isle   of  Skye."     By  Sir  Archibald   Geikie,  LL.D.,  D.Sc.,  F.R.S., 
F.G.S.,  and  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  Sec.G.S. 
.    After  calling  attention  to  the  previous  references  to  the  pseudo- 
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bedding  and  banding  of  the  gabbro-masses  of  the  Inner  Hebrides, 
the  authors  desoribe  the  rocks  whioh  form  the  ragged  ridge  of 
Druim-an-Eidhne,  near  the  head  of  Glen  Sligachan.  This  ridge 
is  made  up  of  parallel  beds,  sheets,  or  sills  disposed  in  a  general 
N.N.W.  direction  with  a  prevalent  easterly  dip.  Four  distinct  types 
of  gabbro  occur: — (1)  dark,  fine-grained,  granulitic  gabbros;  (2) 
weU-banded  gabbros ;  (3)  coarse-grained  massive  gabbros ;  and  (4) 
pale  veins  of  a  highly  felspathic  gabbro.  The  relative  ages  of  the 
banded  and  granulitic  gabbros  have  not  been  definitely  settled ;  but 
the  coarse  massive  gabbros  are  certainly  intrusive  in  the  banded 
series,  and  the  pale  veins  cut  all  the  other  varieties. 

The  paper  deals  mainly  with  the  banded  gabbros.  They  occur 
in  successive  sheets  or  sills  which  vary  from  a  few  feet  to  many 
yards  in  thickness,  and  consist  of  parallel  layers  of  lighter  and 
darker  material  which  correspond  in  direction  with  the  trend  of  the 
sheets,  and  are  usually  inclined  to  the  east  or  south-east  at  angles 
ranging  from  20°  to  30°.  In  some  cases  the  bands  can  be  seen  to 
have  been  puckered  or  folded. 

The  minerals  entering  into  the  composition  of  the  banded,  as  also 
of  the  other  varieties,  are  labradorite,  pyroxene,  olivine,  and  titani* 
ferous  magnetite.  The  banding  is  due  to  a  variation  in  the  relative 
proportions  of  the  different  constituents,  and  especially  in  the  amount 
of  magnetite.  Some  narrow  bands  and  lenticles  are  composed 
entirely  of  pyroxene  and  magnetite.  The  variations  in  chemical 
composition  are  illustrated  by  three  analyses  by  Mr.  Player.  The 
microscopic  characters  of  the  rocks  are  described,  and  it  is  shown 
that  the  minerals  of  the  banded  gabbros  have  not  been  crushed  or 
broken  since  they  were  formed. 

The  authors  conclude  that  the  banding  is  the  result  of  the  intru- 
sion of  a  heterogeneous  meigma,  and  that  similar  banding  in  certain 
portions  of  the  Lewisian  gneiss  may  have  been  produced  in  the 
same  way. 

2.  "On  the  Microscopical  Structure  of  the  Derbyshire  Car- 
boniferous Dolerites  and  Tuffs."  By  H.  H.  Amold-Bemrose.  Esq., 
M.A.,  F.G.S. 

The  paper  deals  with  the  petrography  of  the  Toadstones  or 
igneous  rocks  of  Derbyshire.  Brief  reference  is  made  to  the  work 
of  previous  petrographers,  the  age  of  the  rocks,  and  the  question  as 
to  the  number  of  beds.  The  outcrops  mapped  by  the  Geological 
Survey,  and  several  additional  ones,  have  been  examined,  and  the 
results  given  in  a  table  for  the  purpose  of  the  paper  and  for  future 
reference. 

The  Toadstone  is  divided  into  massive  rocks  or  lavas,  and  frag- 
mental  rocks  or  tufis.  The  former  consist  of  olivine-dolerite,  either 
with  granular  or  with  ophitic  augite,  and  olivine-basalt.  The  rock 
is  often  very  fresh,  but  in  some  places  is  altered  to  a  diabase.  The 
principal  constituent  minerals  are  described.  A  pseudomorph  of 
olivine,  optically  like  biotite  and  somewhat  like  Iddingsite  but 
differing  from  it  chemically,  is  fully  described. 

The  latter  portion  of  the  paper  deals  with  the  tuffs,  which  are 


834  Correspondence — Mr.  A.  Harker. 

much  more  eztensiye  than  has  been  hitherto  jBuppoMd.  Specimens 
are  described,  taken  from  thirteen  oatorops. 

3.  "On  the  Origin  of  the  Permian  Breccias  of  the  Midlands, 
and  a  Comparison  of  them  with  the  Upper  Carboniferoiia  Glacial 
Deposits  of  India  and  Australia."    By  B.  D.  Oldham,  Esq.,  F.a.S. 

The  author  first  describes  the  Permian  breccias  of  the  Midland 
Counties  of  England,  which  he  had  the  opportunity  of  examining  at 
Eastertide  of  the  present  year.  He  describes  the  oharacters  of  the 
breccias,  and  concludes  that  they  were  formed  subaerially  as  gravel- 
fans  by  rivers  charged  with  a  maximum  load  of  sediment,  and 
therefore  incapable  of  performing  any  appreciable  amount  of  erosioiL 
An  examination  of  many  of  the  fragments  at  Abberley  and  some  at 
Church  Hill  reveals  the  presence  of  scratches,  which  occur  in  such 
a  manner  that  the  author  believes  they  existed  on  the  fragments 
before  they  were  transported,  and  discusses  the  evidence  for  their 
production  by  ice  or  soil-cap  movement,  deciding  in  favour  of  the 
former. 

A  short  description  of  the  Upper  Carboniferous  deposits  of  India 
follows,  and  it  is  pointed  out  that  they  di£fer  markedly  from  the 
deposits  of  Britain.  Amongst  other  things  the  separation  of  di£ferent 
pebbles  by  considerable  interspace  of  matrix,  and  the  bending  of 
stratification  •  planes  round  a  pebble  as  though  the  pebble  had 
dropped  from  above,  are  noted,  and  it  is  maintained  that  floating  ioe 
alone  will  account  for  these  pebbles  being  dropped  into  the  Indian 
deposits.  Finally,  it  is  remarked  that  the  so-called  Upper  Car" 
boniferous  deposits  of  India  and  the  Permian  deposits  of  the 
Midlands  of  Britain  may  be  practiccdiy  contemporaneous,  as  main- 
tained by  the  late  Mr.  H.  F.  Blanford,  indicating  a  possible 
simultaneous  existence  of  glaciers  in  England,  India,  and  Australia. 


COI^I^ES:POIsriDE35rCE- 

NORWEGIAN  ROCKS  IN  THE  ENGLISH  BOULDER-CLAYS. 

Sir, — Anyone  familiar  with  the  Boulder-clays  of  our  East  Coast— 
or,  I  may  add,  with  the  methods  of  working  customary  among 
field -geologists — must  have  read  with  astonishment  Sir  Henry 
Howorth's  confident  suggestion  that  the  records  of  ''so-called 
Norwegian  boulders"  are  due  to  material  brought  by  ships  as 
ballast.  In  the  first  place,  he  clearly  has  no  idea  of  the  immense 
profusion  of  these  boulders,  hundreds  of  which  may  be  observed  in 
as  many  yards  on  some  parts  of  the  Holdemess  beach.  This  is  in 
places  where  the  Basement  Clay  is  exposed  in  the  cli£Efl  and  to  the 
south  of  such  places,  t.e.  in  the  direction  of  movement  of  the  beach. 
If,  however.  Sir  H.  Howorth  can  find  an  adequate  explanation  of 
this  in  the  statistics  of  ship- wrecks,  he  still  has  to  meet  the  fact 
that  these  boulders  are  found  not  only  on  the  beach  but  in  the  clay. 
Five  years  ago  I  examined  and  described  specimens  of  the  Laurvig 
augite-syenite  collected  by  Mr.  Lamplugh  from  the  Basement  Gay 
of  Dimlington  and  Bridlington  Quay.    This  was  merely  that  my 
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friend  and  myself  might  be  perfectly  satisfied  of  the  identifioation  of 
this  rock-type.  The  fact  that  such  rocks  occur  as  boulders  in  the 
clay  had  long  been  a  matter  of  oon;imon  knowledge,  and  half  an 
hour's  work  at  the  cliffs  will  always  produce  specimens  of  this 
augite-syenite  and  of  the  equally  characteristic  rhomb-porphyry,  the 
two  most  striking  rocks  among  the  beach  material.  Surely  it  would 
be ''  more  in  accordance  with  scientific  laws  of  evidence  "  to  ascertain 
the  facts  of  the  case,  either  personally  or  from  the  records,  before 
propounding  an  artificial  explanation  of  them. 

If  further  evidence  be  needed,  I  may  add  that  I  have  recently 
sliced  and  examined  typical  specimens  of  the  two  unique  Scandi- 
navian rocks  mentioned  above,  which  were  collected  at  Cambridge 
by  Professor  Hughes. 

fit.  John'b  Collbos,  Caxbbid^,  Alfbkd  Habkeb. 

Jum  2nd,  1894. 


UNIFORMITY  IN  GEOLOGY  AND  THE  ORIGIN  OP  THE  DRIFT. 

Sib, — Sir  Henry  H.  Howorth  opens  a  rather  strangely  reasoned 
paper  in  your  last  month's  issue  with  the  statement  that  signs  are 
accumulating  everywhere  that  geologists  are  now  harking  back 
to  the  views  of  the  old  catastrophists,  and  giving  up  the  uniformi- 
tarian  views  so  ably  placed  on  record  by  Lyell  and  later  workers. 
Where  these  signs  are  to  be  seen  I  am  at  a  loss  to  discover. 
Certainly  not  in  the  Nottingham  Address  of  Mr.  J.  J.  Harris  Teall 
to  the  geological  section  of  the  British  Association,  nor  yet  in  the 
text-books  and  original  papers  written  during  the  last  few  years. 
No  doubt  p|opular  magazine  writers  will  to  some  extent  regard  Sir 
Henry  H.  Howorth*s  writings  as  being  one  of  the  signs  of  the 
times,  and  will  be  ready  to  put  his  ideas  before  their  reeulers  as 
''recent  advances."  Every  supporter  of  uniformitarian  principles 
admits  that  floods  and  earthquakes  have  always  occurred.  Nor  am 
I  aware  that  any  exact  limit  has  been  fixed  to  their  magnitude.  At 
least  I  never  heard  it  argued  that  the  eruption  of  Krakatoa,  for 
example,  was  the  greatest  outburst  that  has  ever  occurred,  or  that 
there  will  never  be  a  greater.  It  only  asks  us  to  seek  to  explain 
the  facts  by  slow  and  well-known  causes  that  may  be  seen  in  every- 
day action  rather  than  by  extreme  or  violent  means.  For  instance, 
the  great  majority  of  geologists  consider  that  the  distribution  of  the 
drifts  can  be  best  accounted  for  on  the  assumption  that  large  portions 
of  the  northern  continents  were  covered  by  immense  ice-fields. 
Judging  from  the  present  distribution  of  glaciers  and  ice-fields,  etc., 
Sir  Henry  H.  Howorth  thinks  this  view  extreme  and  not  sufficiently 
uniformitarian,  and  pins  his  faith  on  floods  and  dancing  mountain 
ranges.  The  time  has  gone  by  for  a  general  discussion  on  this  point 
If  a  particular  deposit  can  only  be  explained  on  the  assumption  that 
there  was  a  deluge,  we  must  believe  that  there  was  a  deluge.  It 
would  be  unscientific  to  settle  upon  the  agent  first  and  then  point 
to  all  sorts  of  deposits  as  being  produced  by  it. 

But,  to  return  to  the  paper,  my  intention  was  also  to  refer  to 


356      Correspondence — Mr.  22.  Jf.  Deeky — Mr.  J.  W.  Gregory. 

two  letters  which  appeared  in  **  Nature,**  and  which  Sir  Heniy  H. 
Howorth  quotes.  One  was  from  the  pen  of  Professor  Bonney.  In 
it  he  asks  whether  the  fact  that  there  is  a  deep  sahmarine  channel 
along  the  coast  of  Norway  does  not  render  it  improbable  that  tbe 
ice-sheet  could  have  crossed  it  and  reached  Great  Britain.  Professor 
Bonney  very  wisely  does  not  say  that  it  could  not,  for  he  would 
be  a  rash  man  who  would  say  what  the  snowfall  was  upon  the 
mountains,  and  how  far  the  ice  would  have  to  move  from  them 
before  it  melted,  and  the  law  of  supply  and  wasting  was  satisfied. 
However,  on  the  strength  of  the  fact  that  the  question  has  been 
asked,  we  learn  that  '*  Prof.  Bonney  has  added  a  new  and  striking" 
objection,  ''based  upon  the  difficulty  an  ice-sheet  would  have  in 
traversing  the  hollow  trough." 

Another  letter,  also  published  in  "  Nature,"  and  written  by  Prof. 
Hughes,  is  also  referred  to.  In  this  letter  Prof.  Hughes  calls 
attention  to  the  fact  that  on  such  coasts  as  that  of  Norfolk  great 
care  should  be  taken,  when  oollecting  rock- specimens  from  the  drift, 
that  the  boulders  are  really  from  the  drift,  and  not  ballast  thrown 
overboard  or  spread  along  the  coast  by  the  wreck  of  a  vessel. 
When  I  read  the  letter  I  thought  it  was  addressed  as  a  warning  to 
some  careless  student,  but  we  now  hear  from  Sir  Henry  H.  Howorth 
that  it  is  an  expression  of  opinion  on  the  part  of  Prof.  Hughes  that 
the  officers  of  the  Qeologiod  Survey,  and  other  experienced  field 
geologists,  who  have  visited  the  coast  have  not  been  alive  to  such 
possibilities. 

I  should  like  to  notice  the  rest  of  the  paper,  but  to  do  so  would 
require  too  much  space,  Sir  Henry  H.  Howorth  having  treated  tbe 
drifts  as  a  hotch-potch  of  mud,  sand,  and  gravel,  instead  of  a  series 
of  deposits  formed  at  different  times  and  under  dififerent  circum- 
stances. E.  M.  Deelet. 


JURASSIC    SPECIES  OF  CHEILOSTOMATA. 

Sib, — My  attention  has  been  drawn  to  Mr.  Edwin  A.  Walford's 
articles  "  On  some  Bryozoa  from  the  Inferior  Oolite  of  Shipton 
Gorge,"  and  **  On  Cheilostomatous  Bryozoa  from  the  Middle  Lias," 
both  of  which  were  published  in  the  Quarterly  Journal  of  tbe 
Geological  Society,  Vol.  L.,  February,  1894,  pp.  72-82. 

I  regret  that  I  have  omitted  to  make  a  reference  to  Mr.  Walford's 
papers  in  an  article  published  by  me,  **  On  some  Jurassic  species  of 
Cheilostomata "  in  tbe  Geoloqioal  Magazine  for  February,  1894, 
pp.  61-64 ;  but  at  that  time  Mr.  Walford's  papers  were  unpublished 
save  for  the  abstracts  which  bad  appeared  in  April  and  June,  1893, 
during  my  absence  in  East  Africa.  J.  W.  Gbegobt. 


Errata. — Sir  H.  H.  Howorth  begs  us  to  correct  the  following 
errata  in  his  article  in  the  June  Number  of  this  Magazine  : — 

On  p.  260,  line  41  from  top,  for  **  Hampshire"  read  Sussex. 

On  p.  262,  line  8  from  top,  for  '*  Micael "  read  Michel. 

On  p.  262,  line  31  from  top,  delete  the  words  *'  among  them." 


Giot.  Mao.  1894. 
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[. — Footprints  of  Yxbtebratks  in  thk  Goal-measubks  of  Kansas. 

By  Prof.  0.  .C.  Marsh,  M.A.,  Ph.D.,  LL.D.,  F.G.8. ; 
of  Yale  College,  New  Haven,  U.S. 

(PLATE  XI.) 

THE  Museum  of  Yale  University  contains  a  small  collection  of 
footprints  of  much  interest,  whiob  were  found  in  1873,  in  the 
IViiddle  Coal-measures,  near  Osage,  in  South-eastern  Kansas.  A 
i^reful  re-examination  of  these  footprints  has  been  recently  made  by 
the  writer,  and  the  main  results  are  given  in  the  present  paper. 

The  impressions  are  well  preserved  in  a  calcareous  shale,  which 
separates  readily  into  thin  slabs,  each  representing  a  surface  of  the 
beach  at  the  time  the  footprints  were  made  upon  it  A  few  shells 
in  the  shale  are  sufficient  to  prove  that  the  formation  is  marine. 
Trails  of  annelids,  and  perhaps  of  other  invertebrates,  are  seen  on 
u>me  of  the  surfaces.  The  footprints  of  vertebrate  animals,  however, 
3ire  of  paramount  importance,  and  the  large  number  and  variety  of 
these  here  recorded  on  a  single  surface,  if  they  could  be  rightly 
interpreted,  would  form  an  interesting  chapter  of  land  vertebrate 
life  in  the  Carboniferous  period,  about  which  so  little  is  at  present 
known. 

On  Plate  XL,  accompanying  the  present  article,  five  distinct 
deries  of  footprints  are  shown,  each  one-twelfth  natural  size.  All 
were  found  on  essentially  the  same  surface,  and  at  one  locality. 
The  five  different  animals  they  represent  were  thus  contemporaries, 
and  indicate  a  wealth  of  air-breathing  vertebrate  life  at  this  period, 
hitherto  unsuspected. 

With  these  impressions  were  still  others,  made  either  by  animals 
nearly  allied,  or  by  the  same  animals  under  different  circumstances. 
These  need  not  be  further  noticed  in  this  connection,  but  they  serve 
to  emphasize  the  diversity  of  life  at  this  point.  The  typical  series 
are  briefly  described  below. 

Nanopua  caudatua,     PI.  XL  Fig.  1. 

The  first  series  represented  on  Plate  XL  Fig.  1  indicates  the 
smallest  animal  that  here  left  a  distinct  series  of  footsteps,  and  the 
only  one  in  which  an  imprint  made  by  the  tail  was  preserved. 
This  small  quadruped  had  evidently  but  three  functional  toes  on  the 
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fore  feet,  and  four  on  those  bebincl.  The  fore  feet  were  oonaidenbly 
smaller  than  the  hind  feet  The  impreBsions  made  by  the  Utter 
are  nearly  all  separate  from  the  anterior  footprints,  although  at 
times  slightly  overlapping  them. 

The  nature  of  the  animal  indicated  by  these  impveasionB  oan  at 
present  be  a  matter  of  conjectore  only,  but  the  probabilities  are  ia 
favour  of  its  reference  to  the  Amphibians  rather  than  to  the  true 
Reptilia.  As  it  is  evidently  distinct  from  anything  hitherto  desoribedi 
the  above  name  is  proposed  for  it. 

Ltmnoptia  vagus.    PL  XI.  Fig.  2. 

In  Fig.  2,  Plate  XI.,  a  second  series  of  footprints  is  represented, 
somewhat  larger  than  those  above  described,  and  evidently  made  by 
a  very  different  animal.  The  front  feet  had  four  fanotional  toea, 
while  those  behind  had  five,  all  well  developed.  The  impressiona 
of  the  hind  feet,  as  a  rale,  overlap  those  of  tiie  corresponding  fors 
feet  No  indications  of  a  tail  can  be  detected.  In  length  of  stride, 
and  in  the  distance  between  the  footsteps  of  the  right  and  left 
sides,  the  present  series  is  proportionately  about  the  same  as  those 
above  described,  although  the  animals  differed  much  in  size.  They 
were  probably  both  Amphibians,  and  may  have  been  nearly  allied. 

Dromopus  agilis.     PL  XI.  Fig.  3. 

The  third  series  of  footprints  shown  on  Plate  XI.  Fig.  3  is  of 
special  interest,  and  indicates  an  animal  very  distinct  from  the  two 
already  described. 

A  striking  feature  in  the  fore  and  hind  feet  of  this  animal  was  the 
long,  slender  digits,  terminated  by  sharp  claws.  Another  point  of 
interest,  as  recorded  in  the  footprints,  is  that  the  animal  in  walking 
swung  the  hind  feet  outward,  and  so  near  the  ground  that  the  ends 
of  the  longer  toes  sometimes  made  trails  in  the  mud,  marking 
accurately  the  sweep  of  the  foot.  This  would  seem  to  indicate  a 
comparatively  short  hind  leg,  rather  than  the  long  slender  one  which 
the  footmarks  themselves  naturally  suggest 

The  animal  that  made  these  interesting  footprints  was  probably 
a  Lacertilian  rather  than  an  Amphibian,  but  there  is  also  a  possibility 
that  it  was  a  primitive  Dinosaur. 

AllopuB  lUtoralis.    PL  XI.  Figs.  4,  4a. 

Besides  the  footprints  above  described,  which  pertain  to  animals 
of  comparatively  small  size,  there  are  several  other  series  in  this 
collection  made  by  very  large  animals,  which  were  probably  all 
Labyrinthodonts.  These  tracks  were  made  on  the  same  beach,  and 
at  about  the  same  time,  as  the  small  footprints,  but  not  all  under  the 
same  circumstances.  The  largest  animal  thus  represented  appears 
to  have  walked  on  one  part  of  the  beach  that  was  quite  firm,  leaving 
very  shallow  footprints,  and  again  to  have  *  traversed  another  part, 
quite  near  the  first,  but  slightly  covered  with  water,  or  at  all  events 
80  Boft  that  deep  impressions  were  made  by  the  feet,  while  the  toes 
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of  the  hind  feet  also  left  deep  trails  as  they  swung  outward  at  eaoh 
step.  On  Plate  XI.  Figs  4  and  4a  these  two  kinds  of  footprints 
are  represented.  They  show  the  stride  of  the  animal,  and,  as  put 
together,  also  denote  the  width  between  the  footprints  of  the  two 
sides,  so  that  the  series  can  be  compared  with  the  others  on  the  same 
plate. 

These  tracks  show  that  the  animal  had  five  toes  in  the  fore  feet 
and  four  behind.  The  hind  feet  show  a  distinct  impression  of  a  sole. 
There  is  no  imprint  of  a  tail,  even  where  the  mud  appears  to  have 
been  deep. 

Baropus  lentus.    PL  XL  Fig.  5. 

The  most  abundant  of  the  large  footprints  are  represented  by 
several  series,  which  are  remarkably  uniform  in  stride  and  in  width 
between  the  right  and  left  rows.  One  of  these  series  is  represented 
on  Plate  XL  Fig.  5,  and  this  is  typical  of  the  othei-s.  The  animal 
that  made  these  footprints  evidently  had  four  functional  toes  in  front 
and  the  same  number  behind.  On  the  inner  side  of  each  foot, 
however,  there  was  a  projection,  which,  in  the  hind  feet,  was  quite 
prominent  and  characteristic,  but  can  hardly  be  interpreted  as  the 
imprint  of  the  first  digit  Nearly  all  these  footprints  show  a  distinct 
impression  of  a  sole.  This  is  usually  faint  in  the  tracks  of  the  fore 
feet,  but  strongly  marked  in  those  behind. 

It  is  hardly  necessary  at  this  time  to  attempt  a  detailed  com- 
parison of  the  footprints  above  described  with  those  already  on 
record.  The  present  specimens  all  have  well-marked  characters, 
and,  being  from  a  single  horizon  and  locality,  have  a  value  of  their 
own  as  throwing  light  on  the  land  vertebrate  life,  during  the 
deposition  of  the  true  Coal-measures.  If,  in  themselves,  they  add 
but  little  to  what  is  already  known,  they  at  least  offer  encourage- 
ment to  investigators  in  an  interesting  field  not  yet  systematically 
explored.  The  publications  of  Logan,  Lyell,  King,  Lea,  Dawson, 
and  others  have  already  made  known  discoveries  of  importance  in 
this  country,  and  others  have  been  recorded  in  the  Old  World. 

So  far  as  at  present  known,  land  vertebrate  life  began  in  the 
Carboniferous  age,  no  footprints  or  other  remains  of  this  kind 
having  been  detected  below  the  sub-Carbon iferoua.  Tliat  such 
remains  will  eventually  be  found  in  the  Devonian,  there  can  be 
no  reasonable  doubt,  and  perhaps  even  in  the  Silurian,  if  the  land 
surfaces  then  existing  can  be  explored. 

EXPLANATION    OF   PLATE   XL 

Fio.  1. — Series  of  footprints  of  Nanopus  eaudatus,  Marsh  ;   showing,  also,  ini- 

pression  made  by  the  tail. 
„    2. — Series  of  footprints  of  Zimnopus  vagu8^  Marsh. 
„    3. — Series  of  footprints  of  Dromopus  agxliSy  Marsh ;  showing  trails  made  by 

the  toes. 
„    4. — Two  pairs  of  footprints  of  Allopus  littoralisy  Marsh ;  right  side. 
„    4a. — Foo^rints  of  same ;  showing  trails  made  by  the  toes  ;  left  side. 
„    5. — Series  of  footprints  of  Baropus  lentuSf  Marsn. 

All  the  figures  are  one-twelfth  natoral  size. 
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II. — Pleistocene  Climatio  Changes.^ 

By  Warren  Uphax,   F.G.S.A. 

THE  most  interesting  and  difficult  climatic  problem  presented  in 
all  the  geologic  record  is  that  of  its  latest  period,  immediately 
preceding  the  present,  to  discover  the  causes,  first,  of  the  accumu- 
lation, and  later,  of  the  rapid  final  melting  of  its  vast  sheets  of 
land- ice.  The  fossil  floras  of  Greenland  and  Spitzbergen  indicate 
that  those  far  northern  latitudes  enjoyed  a  temperate  climate  in  the 
Miocene  period ;  and,  from  the  absence  of  glacial  drift  through  the 
great  series  of  Tertiary  and  Meso2K)io  formations,  we  infer  that 
climates  as  mild  as  those  of  the  present  day  had  prevailed  during  long 
eras  before  the  Ice-age.  With  suddenness,  geologically  speaking, 
there  came  during  the  Quaternary  era  a  very  exceptional  and  unique 
period  of  great  refrigeration  of  the  climate  of  northern  regions, 
overwhelming  the  Siberian  herds  of  Mammoths,  and  covering  the 
surface  of  the  northern  half  of  North  America  and  of  North- Western 
Europe  with  snow  and  ice  which  increased  to  thousands  of  feet  in 
depth.  The  conditions  that  seem  requisite  for  the  formation  of 
these  ice-sheets  are  long-continued  rather  than  excessive  cold  and  an 
abundant  supply  of  moisture  by  storms,  giving  plentiful  precipitation 
of  snow  during  more  of  the  year  than  now,  so  as  to  include  in  the 
time  of  snow  accumulation  not  only  the  present  winter  but  also 
the  autumn  and  spring  months.  The  summers,  too,  were  probably 
cooler  than  uow,  for  their  heat  was  not  sufficient  to  melt  away  the 
accumulated  snow,  which  gradually  increased  in  thickness  from  year 
to  year,  its  lower  part  being  changed  to  ice.  When  large  portions 
of  continents  became  thus  ice-covered,  the  storms  sweeping  over 
them  would  be  so  rapidly  cooled  that  the  greater  part  of  their  snow- 
fall would  take  place  upon  the  borders  of  the  ice-sheet,  within 
probably  fifty  to  two  hundred  miles  from  its  margin ;  but  the 
snowfall  during  the  advance  of  the  ice  was  probably  in  excess  of 
the  amount  of  evaporation  and  melting  over  the  whole  of  the  ice- 
covered  areas. 

Upon  British  America  and  in  the  northern  part  of  the  United 
States  the  directions  of  the  glacial  striae  and  transportation  of  the 
drift  show  that  there  were  two  general  ice-sheets — one  reaching  from 
New  England,  Nova  Scotia,  Newfoundland,  and  Labrador  west  to 
the  Rocky  Mountains,  and  north  to  the  Arctic  Ocean,  having  its 
greatest  thickness  over  the  Laurentide  Highlands  and  James  Bay, 
with  outflow  thence  to  the  east,  south,  west,  and  north ;  and  the 
other  west  of  the  Rocky  Mountains,  covering  British  Columbia, 
attaining  a  maximum  thickness  of  about  one  mile,  and  outflowing 
south  into  the  United  States,  west  into  the  Pacific  Ocean,  and  north- 
ward into  the  upper  part  of  the  Yukon  Basin.  These  ice-sheets, 
named  by  Dr.  George  M.  Dawson  the  Laurentide  and  Cordilleran, 
are  shown,  by  the  characters  of  the  drift  deposits  along  the  eastern 

^  l*n'-«'nto(l  at  tlio  World's  Conj^ress  on  Geology,  auxiliary  with  the  ColumbiiUi 
Expusition  in  Chica|,'o,  Kw^i  26th,  1893. 
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side  of  the  Rockj  Mountains,  to  have  become  oonflaent  at  their 
time  of  maximum  thickness  and  extent.  The  Cordilleran  outflow, 
pouring  eastward  through  passes  of  these  mountains,  and  in  the 
Peace  River  region  probably  overtopping  the  highest  summits,  which 
there  are  only  about  6000  feet  above  the  sea,  pushed  across  a  narrow 
belt  adjoining  the  mountains,  to  a  maximum  distance  of  nearly 
100  miles,  and  there  (on  land  about  2500  feet  above  the  sea)  was 
merged  with  the  Laurentide  ice,  the  two  united  currents  thence 
passing  in  part  to  the  south  and  in  part  to  the  north  from  the  interior 
tract,  where  the  confluent  ice  was  thickest.  When  the  Glacial 
period  reached  its  culmination,  nearly  all  the  northern  half  of  this 
continent,  excepting  Alaska,  was  thus  enveloped  by  a  continuous 
sheet  of  land-ice  which  stretched  from  the  Atlantic  to  the  Pacific, 
and  from  the  Ohio  and  Missouri  Rivers  to  the  Arctic  Archipelago, 
having  an  approximate  area  of  4,000,000  square  miles. 

Almost  half  as  large  an  area  was  ice-covered  in  Europe,  with 
the  basins  of  the  Irish,  North,  Baltic,  and  White  Seas,  the  principal 
centre  of  outflow  being  the  plateau  and  mountains  of  Scandinavia, 
whence  the  ice  moved  west  and  north  into  the  Atlantic,  southward 
over  Northern  Germany,  and  eastward  over  a  large  part  of  Russia. 
Smaller  ice-sheets  were  formed  upon  Scotland  and  Ireland,  and 
these  became  confluent  with  each  other  and  with  the  Scandinavian 
ice  which  outflowed  to  the  borders  of  Great  Britain.  Glaciers  also 
were  far  more  extensive  than  now  in  the  Alps,  Pyrenees,  Caucasus, 
and  Himalayas ;  but  Northern  Asia  seems  to  have  had  no  general 
ice-sheet.  The  most  anomalous  feature  in  this  strange  accumulation 
of  ice  was  its  absence  from  the  greater  portions  of  Siberia  and 
Alaska,  while  so  heavily  massed  in  the  same  and  more  southern 
latitudes  of  British  America,  the  Northern  United  States,  the  British 
Isles,  and  North- Western  Europe. 

Both  the  growth  and  the  decline  of  the  ice-sheets  were  attended 
by  considerable  fluctuations  of  the  ice-border,  which  appear  to  have 
heen  due  to  secular  changes  of  moderate  amount  in  the  average 
climatic  conditions  of  temperature  and  precipitation  of  snow  and 
rain.  Comparatively  few  records,  however,  of  the  glacial  fluctuations 
during  the  time  of  general  advance  and  culmination  are  preserved, 
since  the  drift  deposits  of  those  stages  are  mostly  covered,  unless 
they  suffered  glacial  erosion  and  were  thus  wholly  lost,  beneath 
the  deposits  of  later  drift  which  tell  the  vicissitudes  of  the  general 
retreat  and  departure  of  the  ice. 

Evidence  of  important  glacial  recession  and  re-advance  in  North 
America,  separated  by  centuries  or  probably  thousands  of  years,  has 
been  obtained  only  in  the  great  interior  expanse  of  the  Mississippi 
basin.  Mr.  Frank  Leverett^  has  reported  there,  in  Southern 
Illinois,  Indiana,  and  Ohio,  sections  showing  an  old  surface  of  Till, 
deeply  buried  by  the  Till  of  another  ice  advance,  which  extended 
far  south  of  the  retreatal  moraines  and  on  some  areas  formed  the 
extreme  glacial  boundary.     The  soil  and  the  oxidized  and  leached 

*  Proceedings  of  the  Boston  Society  of  Natural  History,  vol.  xxiv.  pp.  465-459, 
January  Ist,  1890. 
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subsoil  of  the  buried  Till  have  been  examined  catefully  by  Mr. 
Leverett,  who  finds  that  the  large  proportion  of  glacially  eroded 
limestone  detritus  which  characterizes  both  these  Tills  had  been 
wholly  dissolved  away  from  the  buried  subsoil,  before  its  envelop- 
ment by  the  ensuing  ice  advance,  to  a  depth  of  several  feet, 
equalling  or  exceeding  the  depth  of  such  leaching  in  the  Till 
subsoil  at  the  present  surface.  He  therefore  concludes  that  an 
interval  of  time  at  least  approximately  equal  to  the  duration  of  the 
post-Glacial  epoch  had  elapsed  between  the  retreat  and  re-advance 
of  the  ice  in  that  district  close  to  the  limits  of  the  Drift.  Further, 
very  impressive  testimony  of  this  long  interval  is  a£forded  in  the 
valleys  of  the  Ohio  river  and  its  tributaries  by  the  great  amount 
of  erosion  of  the  early  stratified  drift  gravel  and  sand  which  had 
taken  place,  cutting  the  valleys  from  the  highest  terraces  to  the 
present  river-beds  or  deeper,  before  the  formation  of  the  retreatal 
moraines  and  the  accompanying  low  valley-drift  deposits.  The 
climatic  changes,  and  the  resulting  two  advances  of  the  ice-border, 
which  are  thus  recorded,  probably  belonged  to  the  later  part  of  the 
time  of  general  growth  of  the  ice-sheet.  The  extent  of  the  inter- 
vening retreat  appears  to  have  been  100  to  250  miles  in  portions  of 
the  Mississippi  basin ;  but  it  was  doubtless  much  less,  as  perhaps 
only  a  few  miles,  or  may  have  been  mainly  wanting,  in  New  Yoit 
Pennsylvania,  New  Jersey,  and  New  England,  for  there  no  observa- 
tions of  similar  significance  have  been  reported. 

During  the  general  recession  of  the  ice-sheet  abundant  deposition 
of  Loess  took  place  in  the  Mississippi  and  Missouri  basins.  The 
observations  of  Prof.  R.  D.  Salisbury,  Mr.  W.  J.  McGee,  and  the 
present  writer  show,  respectively,  that  the  Loess  was  being  laid 
down  contemporaneously  with  the  retreat  of  the  ice  (1)  in  Southern 
Illinois  and  Indiana,  on  the  borders  of  the  Drift;  (2)  in  North- 
Eastern  Iowa,  between  the  driftless  area  of  Wisconsin  and  the 
retreatal  moraines;  and  (3)  in  North- Western  Iowa,  adjacent  to  and 
accompanying  the  accumulation  of  the  outermost  moraine  and  the 
late  drift  which  it  encloses. 

Beginning  with  this  first  or  Altamont  moraine,  I  have  traced  a 
series  of  twelve  approximately  parallel  moraine  belts,  succeeding 
one  another  from  south  to  north,  in  North  Central  Iowa,  Minnesota, 
North  Dakota,  and  Manitoba,  of  which  a  Map  for  the  Stat«  of 
Minnesota  is  presented  in  Wright's  "Ice-Age  in  North  America" 
(page  546).  A  still  larger  number  of  retreatal  moraines,  up  to 
fifteen  or  twenty,  has  been  found  by  Mr.  Leverett  in  the  country 
north  of  the  Ohio  river ;  and  Prof.  T.  C.  Chamberlin  has  mapped 
the  course  of  the  principal  outer  moraines  from  the  Atlantic  coast 
across  a  distance  of  1600  miles  to  North  Dakota.' 

Contemporaneous  with  the  formation  of  the  most  northern  five 
moraines  explored  in  Minnesota,  the  glacial  lake  Agassiz  was  held 
in  the  basin  of  the  Red  River  of  the  North  and  of  Lake  Winnipeg 
by  the  barrier  of  the  receding  ice-sheet ;  but  these  moraines,  each 

1  United  States  Geol.  Survey,  Third  Ann.  Rep.  for  1881-82,  pp.  291-402,  with 
10  plates. 
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cm  prising  portions  which  rise  in  hills  150  to  200  feet  high,  all 
teloug  to  the  southern  third  or  half  of  the  entire  extent  of  Lake 
^gassiz,  and  probably  also  to  the  first  third  or  half  of  its  entire 
luration.  When  the  forest-covered  and  almost  uninhabited  country 
lorthward  shall  be  fully  explored,  probably  the  number  of  moraines 
scertained  to  have  been  formed  during  the  existence  of  this  glacial 
ake  will  be  at  least  doubled.  Growing  from  south  to  north  as  the 
)arrier  of  the  continental  glacier  retreated,  Lake  Agassiz  attained 
I  length  of  about  700  miles,  and  an  area  of  not  less  than  110,000 
quare  miles,  exceeding  the  combined  areas  of  the  great  lakes  out- 
lowing  by  the  St.  Lawrence ;  and  its  depth  above  Lake  Winnipeg 
¥as  about  600  feet 

If  now  the  question  be  asked  how  many  thousand  years  ago  did 
he  recession  of  the  ice-sheet  take  place,  producing  Lake  Agassiz, 
md  at  halts  or  slight  stages  of  re-advance  forming  the  moraines,  a 
•eply  is  furnished  by  the  computations  of  Prof.  N.  H.  Winchell,* 
;hat  approximately  8000  years  have  elapsed  during  the  erosion  of 
:he  post-Glacial  gorge  of  the  Mississippi  from  Fort  Snelling  to  the 
Palls  of  St.  Anthony;  of  Dr.  Andrews,*  that  the  erosion  of  the 
shores  of  Lake  Michigan,  and  the  resulting  accumulation  of  dune 
umd  drifted  to  the  southern  end  of  that  lake,  cannot  have  oooupied 
nore  than  7500  years ;  of  Prof.  G.  Frederick  Wright,'  that  streams 
tributary  to  Lake  Erie  have  taken  a  similar  length  of  time  to  cut 
;heir  valleys  and  the  gorges  below  their  water-falls;  of  Mr.  G.  K. 
jrilbert,^  that  the  gorge  below  Niagara  Falls  has  required  ouly 
rOOO  years,  more  or  less;  and  of  Prof.  B.  K.  Emerson,^  on  the 
"ate  of  deposition  of  modified  drift  in  the  Connecticut  Valley  at 
S^orthampton,  Massachusetts,  from  which  he  believes  that  not  more 
;han  10,000  years  have  elapsed  since  the  Glacial  period.  An  equally 
small  estimate  is  also  indicated  by  the  studies  of  Gilbert*  and 
[iussell  ^  for  the  time  since  the  last  great  rise  of  the  Quaternary 
Lakes  Bonneville  and  Lahontan,  lying  in  Utah  and  Nevada,  within 
:he  arid  Great  Basin  of  interior  drainage,  which  are  believed  to  have 
>een  contemporaneous  with  the  great  extension  of  land-ice  upon  the 
lorthern  part  of  the  North  American  continent.  These  measures  of 
ime,  sui'prisingly  short,  whether  we  compare  them  on  the  one  hand 
ivith  the  period  of  authentic  human  history,  or  on  the  other  with  the 
ong  record  of  geology,  carry  us  back  to  the  date  when  the  ice-sheet 

*  Geology  of  Minnesota,  Fifth  Annual  Report,  for  1876;  and  Final  Report, 
rol.  ii.  1888,  pp.  313-341.    Quart.  Journ.  Geol.  Soc.  vol.  xxxiv.  1878,  pp.  886-901. 

2  Trans.  Chicago  Academy  of  Sciences,  vol.  ii.  James  C.  Southall's  Epoch  of  the 
i^ammoth  and  the  Apparition  of  Man  upon  the  Earth,  1878,  chapters  xxii.  and  xxiii. 

*  Amer.  Journ.  Science,  iii.  vol.  xxi.  pp.  120-123,  February,  1881 ;  The  Ice-Age 
in  North  America,  1889,  chapter  xx. 

*  Proc.  Amer.  Assoc,  for  Advancement  of  Science,  vol.  xxxv.  for  1886,  p.  222. 
"The  History  of  the  Niagara  River,*'  Sixth  Ann.  Rep.  of  Commissioners  of  the 
State  Reservation  at  Niagara,  for  1889,  pp.  61-84. 

*  Amer.  Journ.  Science,  iii.  vol.  xixiv.  pp.  404-5,  November,  1887. 

«  United  States  Geol.  Survey,  Second  Annual  Report,  for  1880-81,  p.  188; 
Kfonograph  I.  Lake  Bonneville,  1890,  chapter  vi. 

'  toiited  States  Geol.  Survey,  Monograph  XI.  Geological  History  of  Lake 
Lahontan,  1885,  p.  273. 
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was  melting  away  from  the  basins  of  the  Upper  Mississippi,  of  the 
northern  Red  River,  and  of  the  Laurentian  lakes. 

The  entire  departure  of  the  North  American  ioe-sbeet,  therefore, 
probably  occupied  only  two  or  three  thousand  years ;  and  half  of  this 
time  may  measure  the  duration  of  Lake  Agassiz,  with  the  aocamulation 
of  the  numerous  adjacent  moraines  whose  courses  intersect  the  lake 
area,  and  with  the  formation  of  its  beaches  marking  about  thirty 
successive  stages  in  the  concurrent  subsidence  of  the  lake  surface 
and  rise  of  the  earth's  crust,  which  amounted  together  to  700  feet 
on  the  latitude  of  the  north  part  of  Duck  Mountain  and  the  middle 
of  Lake  Winnipeg.  But  even  these  short  estimates  may  be  too  long. 
The  shores  of  Lake  Michigan,  similar  with  those  of  Lake  Agassiz, 
in  the  Drift  of  which  they  are  formed,  in  their  north  and  south 
trends  and  in  the  adjoining  depths  of  water,  have  suffered  an 
amount  of  erosion  by  the  lake  waves  during  post-Glacial  time 
which  very  far  exceeds  the  total  erosion  that  was  effected  upon 
the  shores  of  Lake  Agassiz  during  all  its  stages,  the  proportioa 
between  them  being  surely  not  less  than  ten  to  one;  and  Lake 
Michigan  has  a  similarly  greater  amount  of  beach  deposits,  which 
npon  a  large  area  about  its  south  end  are  raised  by  the  wind  in 
conspicuous  dunes.  This  contrast,  indeed,  suggests  that  the  duration 
of  Lake  Agassiz,  and  the  recession  of  the  ice-sheet  from  its  area 
and  from  the  greater  part  of  the  area  of  Hudson  Bay,  may  have 
been  included  within  less  than  one  thousand  years.^ 

Having  thus  reviewed  the  Glacial  period,  we  come  to  inquire— 
What  were  the  causes  of  its  grand  climatic  changes,  leading  first  to 
the  accumulation,  and  then  to  the  rapid  departure,  of  the  ice-sheets? 
Upon  their  areas  warm  or  at  least  temperate  climates  had  prevailed 
during  long  foregoing  geologic  ages,  and  again  at  the  present  time 
they  have  mostly  mild  and  temperate  conditions.  The  Pleistocene 
continental  glaciers  of  North  America,  Europe,  and  Patagonia  have 
disappeared ;  and  the  later  and  principal  part  of  their  melting  was 
very  rapid,  as  is  known  by  various  features  of  the  contemporaneous 
glacial  and  modified  drift  deposits  and  by  the  beaches  and  deltas  of 
temporary  lakes  that  were  formed  by  the  barrier  of  the  receding 
glaciers.  Can  the  conditions  and  causes  be  found  which  amassed  the 
thick  and  vastly  extended  sheets  of  land-ice,  and  whose  cessation 
suddenly  permitted  the  ice  to  be  quickly  melted  away? 

Two  principal  theories  of  the  causes  of  the  Ice-age  seek  to  answer 
these  inquiries.  The  one  which  we  will  first  consider  is  the  astronomic 
theory  of  Croll,  Geikie,  and  B/iU.  In  accordance  with  Dr.  Croirs 
theory.  Glacial  periods  would  be  expected  to  recur  with  geologic 
frequency,  whenever  the  earth's  orbit  attained  a  stage  of  maximum 
eccentricity,  during  the  very  long  Tertiary  and  Mesozoic  eras,  which 
together  were  probably  a  hundred  times  as  long  as  the  Quaternary 
era  in  which  the  Ice-age  occurred.  But  we  have  no  evidence  of  any 
Tertiary  or  Mesozoic  period  of  general  glaciation  in  circumpolar 
and  temperate  regions,  although  high  mountain  groups  or  ranges  are 

*  Geol.  and  Nut.  Tlist.  Survey  of  Canada,  Amiual  Report,  new  series,  toI.  it.  for 
1888-89,  pp.  60,  61  E. 
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known  to  have  had  local  glaciers.  Not  until  we  go  hack  to  the 
Permian  period,  closing  the  Palaoozoic  era,  are  numerous  and  widely 
distributed  proofs  of  very  ancient  glaciation  encountered.  Boulder- 
hearing  deposits,  sometimes  closely  resembling  Till  and  including 
striated  stones,  while  the  underlying  rook  also  occasionally  bears 
glacial  grooves  and  striad,  are  found  in  the  Carboniferous  or  more 
frequently  the  Permian  series  in  Britain,  France,  and  Germany,  Natal, 
India,  and  South-Eastern  Australia.  In  Natal  the  striated  glacier 
floor  is  in  latitude  30°  south,  and  in  India  only  2(f  north,  of  the  Equator. 
During  all  the  earth's  history  previous  to  the  Ice-age,  which  con- 
stitutes its  latest  completed  chapter,  no  other  such  distinct  evidences 
of  general  or  interrupted  and  alternating  glaciation  have  been  found ; 
and  just  then,  in  close  relationship  with  extensive  and  repeated 
oscillations  of  the  land,  and  with  widely  distant  glacial  deposits 
and  striation,  we  find  a  most  remarkable  epoch  of  mountain-building, 
surpassing  any  other  time  between  the  close  of  the  ArohsBan  era  and 
the  Quaternary.  Mr.  Alfred  Russel  Wallace  therefore  concludes  that 
eccentricity  of  the  earth's  orbit,  though  tending  to  produce  a  Glacial 
period,  is  insufficient  without  the  concurrence  of  high  uplifts  of  the 
areas  glaciated.  He  thinks  that  the  last  time  of  increased  eccen- 
tricity, 240,000  to  80,000  years  ago,  was  coincident  with  great 
altitude  of  North- Western  Europe,  North  America,  and  Patagonia, 
which  consequently  became  covered  by  ice-sheets ;  but  that  such 
previous  times  of  eccentricity,  not  being  favoured  by  geographic 
conditions,  were  not  attended  by  glaciation.  The  recentness  of  the 
Ice-age,  however,  which  has  now  become  generally  recognised  and 
accepted  by  glacialists,  seems  to  demonstrate  that  eccentricity  was 
not  the  primary  cause  of  glaciation,  and  to  bring  doubt  that  it  has 
exerted  any  determining  influence  in  producing  unusual  severity  of 
cold  either  during  the  Pleistocene  or  any  former  period. 

The  alternative  theory,  which  is  accepted  in  this  discussion  as  an 
explanation  of  the  climatic  conditions  bringing  on  and  carrying  off  the 
ice-sheets,  has  been  thought  out  and  formulated  by  Dana,^  Le  Conte,* 
Wright,'  and  the  present  writer*  in  America,  and  by  Jamieson*  in 
Scotland.  On  account  of  its  referring  the  cold  and  snowy  climate 
of  the  time  of  ice  accumulation  to  high  uplifts  of  the   glaciated 

^  James  D.  Dana,  Presidential  Address,  Proc.  Amer.  Assoc,  for  Adv.  of  Science, 
▼ol.  ix.  for  1865,  pp.  23-29;  Trans.  Conn.  Acad,  of  Arts  and  Sciences,  vol.  ii. 
1870  ;  many  papers  in  the  Amer.  Joum.  of  Science ;  and  the  several  editions  of  his 
Manual  of  Geology. 

2  Joseph  Le  Conte,  Bulletin  Geol.  Soc.  of  America,  vol.  ii.  1891,  pp.  323-330; 
Elements  of  Geology,  third  edition,  1891,  p.  689. 

'  G.  Frederick  Wright,  The  Ice- Age  in  North  America,  1889,  chapter  xix.  ;  Man 
and  the  Glacial  PericS,  1892,  chapter  ix. ;  Amer.  Journ.  of  Science,  third  series, 
vol.  xlvii.  pp.  184-187,  March,  1894. 

*  Warren  Upham,  Appendix  of  the  Ice- Age  in  North  America,  pp.  673-595 
Amer.  Joum.  of  Science,  iii.  vol.  xlvi.  pp.  114-121,  Aujjust,  1893;  fiulletin  Geol 
Soc.  of  America,  vol.  v.  1894,  pp.  87-100;  Geol.  Mao.  Dec.  III.  Vol.  VII 
pp.  492-497,  November,  1890. 

*  Quart.  Joum.  Geol.  Soc.  vol.  xviii.  1862,  p.  180  ;  vol.  xxi.  1865,  p.  178 
Gbol.  Mao.  Dec.  II.  Vol.  IX.  pp.  400-407  and  pp.  467-466,  Sept.  and  Oct.  1882 ; 
Dec.  III.  Vol.  rV.  pp.  344-348,  August,  1887;  and  Dec.  III.  Vol.  VIII.  pp.  387- 
392,  September,  1891. 
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regions,  this  may  be  properly  named  the  epeirogenio  theory  of  the 
Joe-age.^  Condensed  into  a  single  paragraph,  it  shows  in  the  Qotds 
and  submarine  continuations  of  river  valleys  a  proof  that  the  drift- 
bearing  jareas  immediately  before  the  accumulation  of  the  ice-sheeta 
had  been  gradually  elevated  thousands  of  feet,  until  finally  the  oool 
plateau  climate  at  the  culmination  of  the  uplift  brought  on  the 
Glacial  period ;  in  the  low  condition  of  the  lands,  when  the  Drift 
was  left  by  the  retreat  of  the  ice,  it  sees  that  these  areas  had  sank 
beneath  their  ice- weight,  until  mostly  they  stood  somewhat  below  their 
present  level ;  and  in  the  post-Glacial  uplift  of  the  marine  Champlaia 
deposits,  overlying  coastal  portions  of  the  Glacial  drift,  it  sees  an 
effort  of  the  earth  to  regain  a  state  of  simple  flotation  of  the  crust 
on  the  heavier  mobile  interior  which  is  capable  of  flow  whether  it 
be  solid  or  molten. 

The  epeirogenio  movements  of  the  countries  which  became 
glaciated  were  only  a  portion  of  widespread  oscillations  of  conti- 
nental areas  during  the  closing  part  of  Tertiary  time  and  the  ensuing 
much  shorter  Quaternary  area.  Not  only  were  the  northern  half 
of  North  America  and  the  north-western  part  of  Europe  uplifted 
1000  to  3000  feet  or  more,  but  probably  all  the  western  side  of 
Europe  and  Africa  shared  in  this  movement,  of  which  we  have  the 
most  convincing  proof  in  the  submerged  channel  of  the  Congo, 
about  four  hundred  miles  south  of  the  Equator.  From  soundings 
for  the  selection  of  a  route  for  a  submarine  cable  to  connect 
commercial  stations  on  the  African  coast,  Mr.  J.  T.  Buchanan'  found 
this  channel  to  extend  eighty  miles  into  the  ooean  to  a  depth  of 
more  than  6000  feet.  The  last  twenty  miles  of  the  Congo  have  a 
depth  of  from  900  to  1450  feet.  At  the  mouth  of  the  river  its  width 
is  three  miles  and  its  depth  2000  feet.  Thirty-five  miles  off  shore 
the  width  of  the  submerged  channel  or  canon  is  six  miles,  with  a 
depth  of  about  3450  feet,  its  bottom  being  nearly  3000  feet  below 
the  sea-bed  on  each  side.  Fifty  miles  from  the  mouth  of  the  river 
the  sounding  to  the  submarine  continental  slope  is  nearly  3000  feet, 
while  the  bottom  of  the  old  channel  lies  at  6000  feet.  This  very 
remarkable  continuation  of  the  Congo  Valley  far  beneath  the  sea- 
level  is  like  those  of  the  Hudson  and  St  Lawrence  rivers,  and  like 
numerous  submerged  valleys  on  the  coast  of  California ;  but  the 
Congo  reaches  to  a  greater  depth  than  those  of  North  America,  and 
even  exceeds  the  Sogne  fjord,  the  longest  and  deepest  in  Norway, 
which  has  a  maximum  sounding  of  4080  feet  Another  deep  sub- 
marine valley,  called  the  **  Bottomless  Pit,"  having  soundings  of 
2700  feet,  is  described  by  Buchanan  on  the  African  coast  350  miles 
north  of  the  Equator,  and  he  states  that  a  similar  valley  exists  in 
the  southern  part  of  the  Bay  of  Biscay.  These  observations  show 
that  within  very  late   geologic   time   probably   almost   the  entire 

*  The  terms  epeirogeny  and  epeirogtnie  ("continent-producing,"  from  the  Greek 
epeiroSf  a  mainland  or  continent)  are  proposed  by  Mr.  G.  K.  Gilbert  in  his  U.S.  Geol. 
Survey  Monojj^raph,  Lake  BonneWUe  (1890J,  to  designate  the  broad  movements  of 
uplift  and  subsiuence  which  affect  the  whole  or  large  portions  of  continental  areas 
or  of  the  oceanic  basins. 

'  Scottish  Geographical  Magazine,  vol.  iii.  1887,  pp.  217-238. 
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Atlaniio  side  of  the  eastern  continent  has  been  greatly  uplifted, 
attaining  as  high  an  altitude  as  that  which  Sir  A.  C.  Bamsay  and 
James  Geikie  conjectured  as  a  possible  cause  of  the  frost-riven 
limestone-agglomerates  of  Gibraltar.^ 

Wherever  great  movements  of  land  elevation  have  taken  place 
in  high  latitudes,  either  north  or  south,  which  received  abundant 
precipitation  of  moisture,  ice-sheets  were  formed;  and  the  weight 
of  these  ice-sheets,  as  was  first  pointed  out  by  Jamieson,  seems  to 
have  been  a  chief  cause,  and  often  probably  the  only  cause,  of  the 
subsidence  of  these  lands  and  the  disappearance  of  their  ice. 
Though  the  still  high  surface  of  the  greater  part  of  an  ice-sheet 
would  not  be  afifected  by  the  temperate  climate  of  the  country 
depressed  to  its  present  level  or  slightly  lower,  the  warm  summers 
along  the  ice-border  would  cause  it  to  be  rapidly  melted,  and 
by  the  extension  of  this  process  inward  all  the  ice-sheet  would 
disappear.  When  the  progress  of  the  marginal  melting  in  the 
Mississippi  basin  had  given  generally  steep  gradients  to  the  ice- 
front,  its  more  powerful  currents  formed  the  retreatal  moraines  and 
the  many  lake  basins  of  the  unevenly  laid  later  drift  which  are  so 
strongly  contrasted  with  the  smooth  and  attenuated  outer  portion  of 
the  drift-sheet  beyond  the  moraines. 

What  were  the  original  sources  of  the  energy  displayed  in  the 
earth-movements  of  uplift  preceding  glaciation,  and  why  this  has 
been  so  extensively  developed  during  the  Quaternary  era,  are  very 
difficult  questions  which  it  is  not  the  puipose  of  this  paper  to 
consider,  since  I  have  attempted  elsewhere  to  answer  them,  in 
an  appendix  of  Wright's  **  Ice- Age  in  North  America."  It  may 
be  properly  noted,  however,  that  the  explanations  mentioned  are 
entirely  consistent  with  Dana's  teaching  that  the  great  continental 
and  oceanic  areas  have  been  mainly  permanent  from  very  early 
geologic  times. 

The  chief  objection  urged  against  this  explanation  of  the  causes 
of  the  Glacial  period  and  its  sudden  end  consists  in  an  approximate 
identity  of  level  with  that  of  to-day  having  been  held  by  some 
drift-bearing  areas  at  a  time  very  shortly  preceding  their  glaciation. 
This  is  clearly  known  to  have  been  true  of  portions  of  Great 
Britain  and  of  New  England.  In  respect  to  this  objection,  it  must 
be  acknowledged  that  the  pre- Glacial  high  elevation  which  these 
areas  experienced  was  geologically  very  short.  With  the  steep 
gradients  of  the  Hudson,  of  the  streams  which  formed  the  now 
submerged  channels  on  the  Califomian  coast,  and  of  the  Congo, 
these  rivers,  if  allowed  a  long  time  for  erosion,  must  have  formed 
even  longer  and  broader  valleys  than  the  yet  very  impressive 
troughs,  continuing  to  depths  of  2000  to  6000  feet  beneath  the  sea- 
level,  which  are  now  found  on  these  submarine  continental  slopes. 
But  the  duration  of  the  epeirogenic  uplift  of  these  areas  on  the 
border  of  the  glaciation  for  the  Hudson,  beyond  it  for  the  Californian 
rivers,  and  near  the  Equator  in  Western  Africa,  can  scarcely  be 
compared  in  its  brevity  with  the  prolonged  high  altitude  held 
'  Quart.  Joum.  Oeol.  Soc.  yoI.  xixjt.  1878,  pp.  505-541. 
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during  late  Tertiary  and  early  Quaternary  time  by  the  Scandinavian 
peninsula,  and  by  all  the  northern  coasts  of  North  America  from 
Maine  and  Puget  Sound  to  the  great  Arctic  Archipelago  and  Green- 
land. The  abundant  long  and  branching  fjords  of  these  northern 
regions,  and  the  wide  and  deep  channels  dividing  the  many  large 
and  small  islands  north  of  this  continent,  attest  a  very  long  time  of 
high  elevation  there.  At  the  time  of  culmination  of  the  long- 
continued  and  slowly  increasing  uplifts  at  the  north,  they  seem  to 
have  extended  during  a  short  epoch  far  to  the  south,  coincident  with 
the  formation  of  ice-sheets  in  high  latitudes.  But  when  these  lauds 
became  depressed,  and  the  ice  burden  of  the  glaciated  countries  was 
removed,  they,  in  some  instances,  as  in  Great  Britain  and  New 
England,  returned  very  nearly  to  their  original  levels,  beautifully 
illustrating  the  natural  condition  of  equilibrium  of  the  earth's  crust 
before  referred  to,  which  Dutton  has  named  iaoBtasy,  that  when  not 
subjected  to  special  and  exceptional  stresses  it  acts  as  if  floating  on 
a  heavier  plastic  or  molten  interior. 

The  wane  and  departure  of  both  the  North  American  and 
European  ice-sheets  have  been  marked  by  many  stages  of  halt 
and  oscillation,  whereby  the  flora,  including  forest  trees,  and  less 
frequently  traces  of  the  fauna,  of  the  temperate  areas  adjoining  the 
melting  and  mainly  receding  ice  were  covered  by  its  drift  at  the 
times  of  temporary  re-advance  of  the  ice-border.  No  better  illus- 
tration of  conditions  favourable  for  the  burial  of  forest  beds  in  the 
Drift  can  be  imagined  than  those  of  the  Malaspina  glacier  or  ioe- 
sheet,  between  Mount  St.  Elias  and  the  ocean,  explored  by  Bussell 
in  1890  and  1891,  and  found  to  be  covered  on  its  attenuated  border 
with  drift  which  supports  luxuriant  growing  forests.  Let  a  century 
of  exceptional  snowfall  cause  a  thickening  and  re-advance  of  that 
ice-sheet,  and  sections  of  its  drift  exposed  after  the  glacial  recession 
will  show  a  thick  forest  bed  of  chiefly  or  wholly  temperate  species. 
Such  re-advances  of  the  continental  ice-sheets,  interrupting  their 
retreat,  are  known  by  well-marked  recessional  moraines  in  both 
North  America  and  Europe.  Near  the  drift  boundary  in  the 
Mississippi  basin  some  of  these  glacial  fluctuations  have  involved 
long  stages  of  time,  measured  by  years  or  centuries,  with  important 
though  minor  changes  in  altitude,  as  shown  by  the  excellent  analytic 
studies  of  Charaberlin,  Salisbury,  McGee,  and  Leverett ;  but  farther 
north,  as  in  the  large  region  of  the  glacial  lake  Agassiz,  the  with- 
drawal of  the  ice-sheet  and  formation  of  successive  moraines  marking 
slight  halts  and  re-advances  due  to  secular  changes  in  temperature, 
humidity,  and  snowfall,  were  demonstrably  very  rapid,  the  whole 
duration  of  this  glacial  lake  being  probably  only  about  1000  years. 
The  vicissitudes  of  the  general  glacial  retreat  seem  to  me  to  have 
been  due  thus  chiefly  to  variations  of  snowfall,  some  long  terras  of 
years  having  much  snow  and  prevailingly  cool  temperature,  therefore 
allowing  considerable  glacial  re-advance,  while  for  the  greater  part 
other  series  of  years  favoured  rapid  melting  and  retreat. 

Under  this  view  we  may,  I  think,  account  for  all  the  observations 
which  have  been  held  in  America  and  Europe  as  proofs  of  iuter- 
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Glacial  epochs,  withont  assuming  that  there  was  either  any  far 
re-advance  of  the  ice-border  or  any  epeirogenio  movements  attending 
the  glacial  retreat  of  such  magnitude  as  to  induce  the  fluctuations  of 
which  the  forest  beds  and  marginal  moraines  bear  witness.  Though 
the  whole  history  of  the  growth,  culmination,  and  departure  of  the 
ice-sheets  is  indeed  very  complex  and  long,  as  measured  by  our 
familiar  historical  time  units,  it  was  yet,  in  my  opinion,  geologically 
very  brief  if  compared  with  all  preceding  geologic  periods  and 
epochs.  Instead  of  being  subdivided  by  long  intervals  of  temperate 
or  warm  climate,  the  Ice-age  seems  to  me  to  have  been  essentially 
continuous  and  single,  with  important  fluctuations,  but  not  of 
epochal  significance,  both  during  its  advance  and  decline. 
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m.  The  Black  Eabth. 

Prof.  Krasnov  states  that  the  decomposition  of  the  roots  of  plants 
gives  rise  to  the  humus,  but  attaches  much  more  importance  to  the 
effect  of  climatic  conditions.  Thus,  he  remarks,  ''that  it  is  im- 
possible not  to  note  that  the  Tchernozem  occupies  a  band  stretching 
from  S.W.  to  N.E.,  that  is,  the  position  where  the  influence  of  a 
temperate  and  moist  climate  ends,  and  the  region  of  dry  S.E.  winds 
begins.  In  the  N.  and  N.W.  of  Eussia  the  woods  predominate, 
unless  destroyed  by  man,  or  prevented  by  the  marshy  nature  of  the 
country.  Where  Black  Earth  begins,  the  woods  end,  and  little  by 
little  steppe  assumes  sway,  first  as  half  steppe  (that  is  to  say,  the 
alternation  of  wood  and  broad  black  earth  plains),  and  finally  to 
the  S.  as  true  steppe,  where  the  view  is,  in  most  cases,  unimpeded 
even  by  a  single  bush." 

Prof.  Dokoutchaieff  has  recently  discussed  the  whole  of  this 
question  ("The  Bussian  Steppes  " :  a  pamphlet  written  for  the  World's 
Columbian  Exhibition  at  Chicago,  1893).  He  shows  that  in  the 
N.  of  the  Poltava  government  the  outlines  of  the  steppe  and  forest 
boundaries  are  clearly  marked  out,  and  that  it  is  yet  possible  to  trace 
the  positions  formerly  occupied  by-  extensive  forests,  by  means  of 
the  special  character  of  the  soil  to  which  they  have  given  rise. 

He  has  also  shown  that  there  is  a  transitional  structure  in  the 
Black  Earth  itself.  In  some  of  the  Eastern  governments  (Tambov, 
Penza,  Simbirsk,  and  Samara  in  part)  a  maximum  humus  percentage 
of  12  per  cent  is  attained,  whilst  to  the  N.W.  and  S.E.  of  these  the 
quantity  of  humus  diminishes. 

Accordingly  he  concludes  that  to  the  N.W.  the  superabundance 
of  moisture,  and  to  the  S.E.  the  dryness,  prevent  the  formation  of 
humus,  and  that  it  is  in  the  transitional  climatic  band  that  the  most 
favourable  conditions  for  its  production  exist.  I  am  not  aware  that 
any  chemical  research  has  been  carried  out  on  Black  Earth  soils 
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hailing  from  districts  south  of  the  Poltava  government.  Such  a 
research  could  not  fail  to  be  of  great  interest,  when  compared  with 
the  results  already  obtained  by  students  of  the  problems  of  Central 
Bussian  agriculture. 

Prof.  Krasnov  holds  the  same  views,  and  claims  that  they  are 
materially  confirmed  by  the  fact  that  in  Turkestan,  the  Crimea,  the 
Caucasus,  and  America  the  transition  districts  between  the  dry 
steppe  and  moist  forest-land,  under  climatic  influences  resembling 
those  of  South  Russia,  possess  soil  structures  similar  to  the  Black 
Earth,  and  present  the  same  phases  in  their  alternation.  In  addition 
the  flora  can  be  readily  paralleled  with  those  of  the  steppe  itselfl 

The  original  virgin  steppe  is  fast  disappearing  before  the  advance 
of  cultivation.  Nevertheless,  here  and  there  a  few  traces  of  its 
original  characters  are  preserved.  The  typical  forms  are  Stipa 
pennata,  Stipa  capillata,  Campanula  Sibiriea,  Falcaria  fitvtnt,  and 
Oypsophila  paniculaia.  At  a  point  in  the  south  of  the  Poltava 
government,  Amygdalus  nana  and  Frunua  chamcecerasua  form  low- 
growing  but  impenetrable  bushes,  so  that  it  is  evident  that  the 
present  conditions  are  but  a  poor  indication  of  the  wealth  of  vege- 
tation which  once  covered  these  plains  (Dokoutchaieff,  loe,  ciL). 
The  cultivation  above-mentioned  has,  no  doubt,  wielded  an  enormous 
influence  in  the  production  of  those  serious  changes  which  are 
causing  such  anxiety  to  Russian  agriculturists,  llie  virgin  steppe 
easily  sucked  up  the  atmospheric  moisture  which  fell  upon  its  surface, 
whereas  on  the  ploughed  land  the  rain-water  collects  in  the  form  of 
minor  torrents,  sweeps  away  the  rich  earth,  carrying  it  down  into 
the  river  valleys  and  alluvial  flats.  The  result  is  very  noticeable 
along  the  banks  of  the  Dnieper  during  the  summer-time,  a  distinctly- 
marked  Black  Earth  forming  a  conspicuous  object  in  the  low  cliffs 
which  skirt  the  river  for  many  miles.  In  addition,  the  Black  Earth 
is  much  more  liable  to  redistribution  by  seolian  action,  every  breath 
of  wind  tending  to  carry  away  a  small  cloud  of  dust  with  it.  This 
may  be  easily  proved  by  direct  observation,  the  traveller  who  crosses 
the  steppes  having  his  face  blackened  on  the  side  which  is  windward, 
whereas  the  other  remains  perfectly  clean. 

This  movement  has  only  one  result,  viz.  that  the  Black  Earth  is 
moved  from  one  steppe  to  another,  excepting  where  it  meets  with 
some  obstacle,  or  is  carried  outside  the  plain  region  altogether. 
Far  more  destructive  has  been  the  forest  denudation  in  the  higher 
reaches  of  the  river,  the  flooded  waters,  having  lost  the  cheek  which 
formerly  kept  them  in  bounds,  carrying  away  the  rich  soil  without 
offering  any  compensating  advantage.  This  destruction,  due  to 
human  agency,  is  in  strong  contrast  to  the  gradual  and  natural 
advance  of  trees  into  the  steppe  area,  an  advance  which  is  in  close 
connection  with  the  denudation  of  that  area. 

It  has  been  pointed  out  by  students  of  forestry  in  Russia  that  the 
woods  on  the  steppe  are  of  two  classes :  1st,  Conifers,  represented 
mostly  by  firs ;  and  2nd,  the  leafy  (deciduous)  trees,  principally  oak, 
ash,  birch,  and  hornbeam.  The  Conifers  generally  form  forests, 
often  of  considerable  extent,  which  occupy  the  alluvial  plains  of 
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tbe  great  rivers,  growing  exolusively  on  Bands  and  other  fluviatile 
deposits.  The  woods  which  form  such  conspicuous  backgrounds  to 
the  views  obtainable  from  Eieff  and  Sviati-Qori,  over  the  valleys  of 
the  Dnieper  and  Donetz  respectively,  are  of  this  nature. 

Nevertheless,  at  the  latter  locality,  occurs  an  exception  which 
appears  to  be  of  the  greatest  interest.  D.  J.  Litwinofif  (Moscow 
Bull.  Sept  1891)  has  called  attention  to  the  fact  that  on  the  chalk 
escarpment,  which  forms  so  prominent  a  feature  at  Sviati-Gori,  and 
at  other  points  along  the  Donetz,  is  one  of  the  very  few  occurrences 
of  Pintis  silvesiris  known  in  S.  Russia.  Accompanying  it  is  a  great 
variety  of  flowers,  all  of  which  have  a  distinct  Alpine  character. 
The  whole  evidence  seems  to  prove  that  these  plants  were  already 
living  here  at  far  earlier  geological  epochs,  and  that  this  small 
remnant  had  been  preserved  during  all  the  vicissitudes  and  changes 
of  Pleistocene  history. 

On  the  other  hand,  the  deciduous  leaved  trees  cling  to  the  sides 
of  the  balkas  and  smaller  streams,  such  as  the  Ealmiuss,  and  also 
clothe  the  sides  of  the  high  right  banks  of  the  rivers  already 
referred  to.  Professor  Erasnov  points  out  ''  that  the  forests  appear 
to  avoid  the  level  steppes  open  to  the  influences  of  the  winds. 
There  are,  however,  numerous  exceptions.  High  watersheds,  cut 
into  deep  ravines,  and  balkas  are  generally  wooded ;  thence  the 
vegetation  extends  down  the  water- courses,  in  a  band  which  comes 
closer  to  the  stream  as  the  latter  reaches  more  level  regions,  less 
cut  into  by  ravines  and  fissures.  As  researches  have  shown  in  the 
Poltava  government,  the  grey  wood-soil  follows  the  same  law  of 
extension.  This  law  has  received  but  slight  attention  on  the  part 
of  students  of  soils."  Professor  Dokoutchaieff  also  lays  stress  on  the 
fact  that  as  fissures  are  formed,  going  over  into  ravines  or  valleys 
of  rivers,  woods  hasten  to  occupy  them,  and  thus  are  gradually 
invading  S.  Russia. 

Professor  Eostitch  on  his  side  argues  along  the  lines  adopted  by 
Professor  Whitney  for  the  United  States.  He  holds  that  the  law  of 
the  extension  of  forests  depends  upon  the  structure  of  the  water- 
sheds. The  rains  carry  away  the  fine  particles,  leaving  a  coarse- 
grained undersoil.  The  relations  of  coarse  and  fine-grained  soils  to 
the  absorption  of  rain-water  are  very  different.  In  the  former  case 
the  water  quickly  descends  into  tbe  deeper  parts,  and  is  retained 
there  for  a  long  time,  before  it  evaporates.  On  the  contrary,  the 
fine-grained  soil  holds  all  the  moisture  at  the  surface,  and  allows 
it  with  difficulty  to  penetrate.  The  lower-lying  substratum,  even 
after  strong  rains,  remains  dry,  while  the  upper  is  turned  to 
mud.  From  such  a  surface  the  moisture,  under  the  influence  of 
dry  winds,  soon  evaporates. 

On  these  foundations  Professor  Eostitch  builds  bis  wood-extension 
theory.  He  believes  that  in  the  steppes  the  only  places  where  trees 
would  succeed  are  those  where  a  coarse-grained  soil  exists,  in  which 
the  deeply  descending  roots  could  find  sufficient  moisture  for  their 
growth. 

Professor  Erasnov  considers  that  although  this  view  has  a  true 
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basis,  it  is  too  wide  a  oonclusion,  being  founded  merely  on  a  stody 
of  the  Nijni-Novgorod  government,  and  that  the  watersheds  of  the 
country  are  very  far  from  possessing  the  ooarse-grained  soil  that 
Professor  Eostitoh  expects.  Also  Uie  woods  do  not  themselves 
always  follow  the  watersheds,  but,  on  the  contrary,  are  very 
frequently  quite  absent  at  such  points. 

Mr.  Eodway,  reviewing  the  American  aspeot  of  the  case,  intro- 
duoes  another  agency.  With  him  water  becomes  a  most  important 
agent  in  the  distribution  of  trees,  and  he  adduces  examples  of  the 
results  of  inundations  in  this  respect.  Trees  are  not  found  in  treeless 
regions,  because  water  has  never  transported  them  thither,  and  they 
never  were  there,  because  no  trace  of  their  existence  can  be  found. 

The  general  result  thus  stated  may  be  freely  admitted,  but  at  the 
same  time  it  is  very  obvious,  in  Bussia  at  any  rate,  that  there  is 
some  special  difiEioulty  as  regards  tree-growth  on  the  steppe.  The 
precautions  taken  in  cultivating  trees  in  gardens  and  on  the  steppe 
is  a  case  in  point.  The  grass  has  to  be  carefully  removed,  and  a 
little  trench  dug  round  the  plant,  to  enable  it  to  obtain  the  necessary 
water-supply.  Whether  it  be  that  the  grass  itself  absorbs  the 
moisture,  or  that  the  soil  is  too  fine  for  free  percolation,  is  a  question 
an  answer  to  which  it  is  not  easy  to  obtain.  Small  trees  have  to  be 
planted  very  thickly  to  prevent  wind  drying  up  the  moisture. 

Professor  Dokoutchaiefif  has  given  expression  to  the  following 
views :  "  The  low-level  districts  of  the  Poltava  government  are 
devoid  of  woods,  at  the  same  time  being  rich  in  salts.  The  higher 
parts  are,  however,  wooded,  and  the  ground  has  but  few  salty 
constituents."  In  his  opinion  absence  of  tree-life  and  presence  of 
salts  are  in  close  connection. 

Streams,  draining  the  upper  parts  of  the  government,  carry  down 
the  salts  in  solution,  depositing  these  in  marshes  or  giving  rise  to 
salt-springs,  when  the  lowlands  are  reached.  As  salt  is  a  deadly 
enemy  of  tree-life,  and  as  the  lowlands  being  strongly  alkalized  do 
not  admit  of  forest-growth,  steppes  are  produced  in  such  localities. 
Especially  is  this  the  case  in  the  lowest  parts,  where  the  largest 
amount  of  salt  is  concentrated.  These  statements  are  practically 
the  application  of  Lesquereux's  views  to  the  South  Russian  area. 

As  far  as  my  own  experience  goes,  I  must  agree  with  Professor 
Krasuov,  that  this  theory  appears  untenable  when  applied  to  the 
South  Russian  Black  Earth  region  as  a  whole,  though  it  may  be  of 
great  importance  in  its  relation  to  individual  districts,  and  especially 
to  that  area  which  lies  immediately  south  of  the  distinct  glacial 
boundary.  Owing  to  the  great  extent  of  the  Russian  empire,  and 
the  broad  regions  over  which  its  various  deposits  are  spread  out, 
there  is  a  natural  danger  of  the  formation  of  separate  schools  of 
thought,  each  baling  itself  on  the  peculiarities  existing  in  special 
districts,  and  raising  local  features  to  the  rank  of  far-reaching 
generalities.  Only  after  prolonged  and  friendly  discussion  will  it 
be  possible  to  establish  those  wider  principles  which  must  form  the 
foundations  for  true  progress  in  the  subjects  under  discussion. 

The  facts  on  which  such  wider  conceptions  are  based  come  out 
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forcibly  when  the  conditions  in  Russia  and  N.  America  are  compared. 
Both  possessed  an  ice-sheet,  or,  at  any  rate,  an  abnormal  glacier, 
occapying  similar  geographical  positions.  In  both,  the  northern 
portions  are  rich  in  forest,  lake,  and  marsh ;  whilst  further  south 
spread  the  broad  prairie  or  the  rolling  steppe.  Not  only  so,  the 
similarity  extends  even  to  the  consideration  of  soil  and  flora.  Only 
the  other  day,  a  short  account  of  North  Dakota  appeared  in  one 
of  the  newspapers,  special  stress  being  laid  on  the  richness  of  the 
black  soil  which  there  exists.  Parallelism  of  character  has  been 
accompanied  by  parallelism  of  theory,  and  turn  by  turn,  climate, 
nomads,  fine-grained  silt,  and  presence  of  salts,  have  been  used  to 
account  for  the  absence  of  tree-life. 

Prof.  Erasnov  arrives  at  the  conclusion  that  in  Bussia  the  process 
of  dessication  has  gone  further  than  in  America ;  for,  in  the  latter, 
as  Lesquereux  has  shown,  near  the  Gulf  of  Sandousk,  on  the  Mis- 
sissippi, may  yet  be  seen  the  marshy  prairie  covered  with  small  lakes. 
These  views  are  founded  on  the  supposition  that  the  melting  of  the 
ice-sheet  must  have  saturated  the  soil  with  water.  Lesquereux, 
indeed,  concluded  that  the  prairie  lands  must  have  once  been 
occupied  by  an  unbroken  chain  of  lakes  and  marshes;  gradually 
the  area  has  been  drained,  though  traces  are  still  left  of  the  former 
predominance  of  more  lacustrine  conditions. 

In  Russia,  the  lakes  still  exist  on  a  small  scale  in  the  Kharkov 
and  Poltava  governments;  but  these,  it  appears,  are  rapidly  dis- 
appearing, having  been  far  more  numerous  even  within  the  memory 
of  men  still  living.  The  shores  of  one  visited  by  me  at  the  village 
of  Evianovka,  near  Voroshba,  were  crowded  with  the  shells  of 
large  Limnea  and  Faludina,  which  had  evidently  been  left  behind 
on  the  lowering  of  the  water-level.  That  the  change  has  been  of 
recent  date  is  shown  by  the  fact  that  the  strip  bordering  this  sheet 
of  water  is  in  a  very  marshy  condition. 

In  these  districts,  too,  com  often  ripens  without  having  received 
a  drop  of  rain  during  the  spring,  whilst  it  is  stated  that  the  flora  is 
rather  that  of  the  marsh  than  of  the  steppe.  In  the  south,  further 
removed  from  the  original  termination  of  the  ice-sheet,  the  advent 
of  showers  at  this  season  is  one  of  the  things  most  anxiously  looked 
for  by  the  agriculturist,  and  the  flora  is  of  a  truer  steppe  character. 

Tills  interesting  question  of  the  floral  distribution  is  also  discussed 
by  Professor  Erasnov,  who  says:  "The  watersheds  of  the  Donetz- 
Dnieper  and  Donetz-Don  are  very  rich  in  species ;  along  the  Dnieper 
and  Volga  the  number  is  at  least  20  per  cent.  less.  Without  regard 
to  climate,  the  rarest  species  are  found  on  the  highest  ground  of  the 
district ;  these  are  partly  steppe  and  partly  Caucasian  forms,  charac- 
teristic of  moist  mountain  meadow-lands  near  the  terminations  of 
glaciers.  The  districts  of  Constantinograd  and  Loubny,  in  the 
Poltava  government,  and  those  of  Yolchansk,  Starobielsk,  and 
Sviatoia  Oora,  in  the  Eharkov  government,  some  of  the  highest 
districts  in  the  south,  are  specially  rich  in  these  types.  The  steppe 
Boil  itself  also  changes  its  character  according  to  the  position,  that 
on  higher  ground  being  the  richer  in  humus." 

DBCADB  IV. — VOL.   I. — NO.   YIU.  ^ 
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In  Bussia,  then,  we  have  three  distinct  regions  distributed  in 
regular  sequence  from  north  to  south,  or  more  strictly  lying  in  broad 
curves  bending  from  N.E.  to  S.W.,  and  running  parallel  to  the  lioe 
giveu  by  Murchison  as  the  limit  of  distribution  of  glacial  boulders. 

To  the  north  and  west  of  this  boundary  division  lies  the  great 
forest  region,  now  much  denuded  by  man ;  but  still,  especially  in 
Lithuania,  attaining  magnificent  proportions.  Immediately  to  the 
south  of  this  line  lies  the  band,  which  shows  a  combination  of 
forest,  small  lake,  and  patches  of  steppe.  This  latter  passes  directly 
but  gradually  into  the  true  steppe  region. 

Prof.  Erasnov,  after  a  comparison  of  the  American  and  Russian 
literature  on  this  subject,  concludes  that  the  Black  Earth  r^on  has 
gone  through  three  distinct  stages : — 

1st.  The  stage  of  marsh  formation,  presumably  the  immediate 
result  of  the  melting  of  the  ice-sheet  During  this  period  there 
would  be  a  decided  predominance  of  lakes  and  morasses,  and  a  low- 
lying  marshy  flora  would  be  conspicuous.  Trees  and  steppe-grasses 
ttien  only  occupied  the  highest  points. 

2nd.  The  stage  of  drainage,  connected  with  poverty  of  the  sub- 
soil waters.  This  stage  has  been  passed  through  by  the  greater 
part  of  the  steppes  and  prairies.  In  their  northern  portions  there 
is  still  evidence  of  those  water-holding  depressions  which  on  this 
hypothesis  must  formerly  have  existed,  and  even  such  traces  are 
fast  disappearing.  These  changes  are  accompanied  by  the  im- 
migration of  a  flora  more  suitable  to  a  dry  climate,  and  by  the 
formation  of  Black  Earth. 

3rd.  The  wood  stage,  which  is,  as  regards  the  south,  as  yet  in  its 
infancy.  As  the  steppe  is  denuded,  so  the  woods,  or  more  coninionly 
isolated  trees  in  the  first  instance,  advance  along  the  valleys  of  the 
streams,  and  occupy  the  ravines.  My  former  paper  on  Loess  really 
dealt  with  the  first,  and  part  of  the  second  above-mentioned  stages. 
It  is  noteworthy  that  but  little  is  said  about  this  great  deposit  in  the 
paper  to  which  reference  has  been  made  above,  although  the  general 
sequence  of  events  suggested  by  me  has  been  to  a  large  extent  borne 
out  by  Prof.  Krasnov*s  results. 

The  zoological  studies  carried  out  by  Professor  Nehring  have  still 
further  strengthened  the  position  here  being  maintained.  Since 
1874  a  series  of  papers  have  been  written  by  him  (see,  for  instance, 
Sitz.  Ber.  der  Gesell.  Naturforsch.  Freunde,  Berlin,  1888-89-90, 
p.  164)  in  which  he  has  endeavoured  to  establish  the  existence  of 
steppe-characters  in  Central  Europe  during  Pleistocene  time.  Here 
again  a  triple  division  has  been  observed,  each  zone  differing  as 
regards  the  animal  remains  contained  in  it. 

In  the  lowest,  immediately  succeeding  true  glacial  deposits,  occur 
the  bones  of  animals,  now  living  chiefly  in  tundra  regions  and 
higher  latitudes,  such  as  the  Elk  and  Lemming.  Besides  these,  the 
Eeiudeer,  Arctic  Fox,  and  Arctic  Hare  have  been  noticed.  Not 
only  so,  but  fresh-water  mollusca  are  very  abundant,  species  of 
Limneaf  Paludinay  and  Pisidium^  being  especially  noticeable. 

In  the  second,  or  zone  of  Loess  proper,  a  typical  steppe  faana 
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oommenoes  to  make  its  appearance,  the  Horse,  Jerboa,  and  Marmot 
being  espeoially  obaracteristia  On  the  other  hand  the  remains  of 
Mammoth  and  Bhinoceros  are  found  in  close  conjunction  with  these 
in  Grermany. 

In  Russia  the  smaller  rodents  persist  at  the  present  day,  though 
these  are  now  fast  disappearing  before  advancing  civilization.  The 
steppe-rat  still  holds  its  own  to  a  great  extent,  but  when  we 
consider  that  over  forty  thousand  were  destroyed  in  one  year  (and 
that  in  one  district  ouly,  Stila,  south  of  Ekaterinoslav  governments), 
it  will  be  readily  understood  that  their  extinction  as  such  is  but  a 
question  of  time.  In  the  Upper  beds  of  the  German  Loess  at 
Thiele,  in  Brunswick,  the  steppe  rodents  practically  disappear,  the 
Mammoth,  Rhinoceros,  Horse,  Hyaana,  and  Lion  alone  carrying  on 
the  faunal  history.  The  latter  two  animals  never  appear  to  have 
established  themselves  in  the  S.  Russian  area,  but  the  first  three 
are  of  typical  occurrence.  In  the  last  zone  forest-living  animals 
commenced  to  appear,  but  it  is  to  be  feared  have  been  unable  to 
obtain  a  strong  footing,  thanks  to  the  hunting  propensities  of 
mankind. 

It  is  interesting  to  note  that  man  seems  at  the  present  day  to  be 
engaged  in  a  deadly  struggle  with  what  we  should  otherwise  regard 
as  a  natural  tendency,  for  whilst  the  forests,  if  left  alone,  would 
probably  become  successful  invaders,  they  are  ruthlessly  cut  down 
in  the  hour  of  victory. 

In  Germany,  then,  as  in  Russia,  a  steppe-region  probably  succeeded 
the  period  of  lake  and  tundra,  but  the  forests  had  long  played  an 
important  part  in  the  former  ere  the  southward  advance  of  the 
vegetation  oommenoed  in  the  latter  country.  Already  in  the  time 
of  Tacitus  they  were  spread  over  the  face  of  the  country,  forming 
a  mighty  fortress,  behind  whose  defences  Armiuius  could  well  defy 
the  all-powerful  Roman  hosts. 

In  England  the  climatic  conditions  are  so  totally  different  that 
steppe-characters  might  well  not  have  existed.  Nevertheless,  even 
here,  as  has  been  suggested  by  Mr.  Clement  Reid  in  ^'  Natural 
Science,"  there  is  some  evidence  of  the  erstwhile  presence  of  such 
plains  over  which  the  Saiga  Antelope  may  have  roamed  at  will. 

The  greater  extension  of  the  forests  in  former  times  is,  of  course, 
a  matter  of  common  knowledge;  for  we  learn  at  the  time  of 
CsBsar's  landing,  Londinium  was  in  the  midst  of  the  Middlesex 
forests,  traces  of  which  are  still  abundant,  e.g,  Epping  Forest, 
Highgate  and  Had  ley  woods. 

It  therefore  would  appear  that  like  conditions  succeeded  each 
other  all  over  the  North  of  Europe,  but  that  our  own  island  is  ahead 
of  both  Eastern  Germany  and  Southern  Russia  as  regards  historical 
development;  probably  due  to  its  greater  nearness  to  the  edge  of 
the  continental  plateau,  and  consequent  more  rapid  transition  to  an 
insular  climate. 

Before  summarising  the  views  set  forth  in  the  present  paper,  it 
may  be  of  interest  to  call  attention  to  the  humus-bearing  Loess 
which  lies  at  the  base  of  the  main  deposit.     Prof.  Armachevsky 
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(Geological  Outlines  of  the  Tchemigov  Government,  p.  129) 
remarks:  ''Of  special  interest  is  iindoabtedly  the  Loess,  which 
contains  a  marked  percentage  of  humus,  and  which  may  be  described 
as  humus-hearuig  Loess.  This  structure  is  always  met  with  in  the 
lower  horizons  of  the  Loess,  and  may  sometimes  attain  a  thickness 
of  seven  feet-.  It  is  distinguished  from  ordinary  Loess  by  its  grey- 
brown,  chestnut-brown,  or  dirty  grey  colour,  and  is  at  the  same 
time  more  compact  and  clayey ;  otherwise  its  characters  are  those 
of  the  true  Loess.  Two  analyses  gave  2*04  and  3-03  per  cent  of 
humus  respectively.'* 

This  interesting  condition  is  one  to  which  attention  should  very 
specially  be  directed,  seeing  that  it  alone  can  furnish  evidence  as  to 
the  actual  condition  of  the  open  country  lying  to  the  south  of  the 
glacier.  There  is  not  at  present  sufficient  evidence  to  show  that 
steppe  lands,  as  such,  were  then  already  marked  geographical  features; 
and  there  are  some  conditions,  such  as  the  existence  of  isolated  tree- 
islands  in  the  midst  of  the  plains,  which  rather  tend  to  prove  the 
greater  extension  of  woods  at  that  time,  and  their  partial  destruction 
by  the  flooded  Loess-bearing  waters.  With  this  brief  statement  I 
must  leave  this  complex  subject. 

In  this  paper  I  have  endeavoured  to  show,  first,  that  the  three 
main  propositions  submitted  by  me  in  my  previous  note  on  the  Loom 
are  fully  confirmed,  not  merely  by  the  change  in  character  of  the 
strata  in  a  vertical  direction,  but  also  by  the  variations  they  display 
when  traced  horizontally  from  north  to  south. 

Not  only  do  we  find  a  gradual  transition  from  beds  containing 
fresh-water  shells  to  those  which  bear  only  evidence  of  a  steppe 
fauna  and  flora,  but  we  have  similarly  the  existence  of  marshes  and 
lakes  (though  disappearing)  in  the  north  of  Little  Russia ;  whilst  in 
the  southern  parts  broad  steppe  and  grassy  plains  alone  prevail. 

These  views  are  further  strengthened  by  a  consideration  of  the 
faunal  changes  which  have  taken  place  in  South  Eussia.  Here  the 
Mammoth  and  Rhinoceros  seem  more  abundant  in  the  lower  beds, 
and  appear  to  be  more  rapidly  replaced  by  the  smaller  steppe 
forms  than  is  the  case  in  Germany.  Perhaps  it  may  be  that  in  the 
latter  country  less  continental  conditions  may  have  prevailed,  and 
possibly  it  may  never  have  attained  to  the  perfection  of  steppe  con- 
ditions developed  further  east. 

As  regards  the  flora,  there  remain  here  and  there  some  traces  of 
the  older  vegetation,  but  in  general  the  glacial  and  Caucasian  types 
have  practically  disappeared,  marshy  forms  now  predominating  in 
the  northern,  and  steppe-forms  in  the  southern  governments  of  Little 
Russia. 

The  suggestion,  then,  is,  that  the  position  of  the  Loess  has  been 
originally  determined  by  the  manner  and  conditions  of  its  origin, 
but  from  the  time  that  the  glacial  melting  ceased  to  have  eiTect  it 
was  subject  to  the  action  of  denuding  influence,  the  wind  becoming 
a  principal  factor  when  the  main  outlines  of  steppe-life  were 
established. 

Secondly,  the  Black  Earth  is  merely  a  special  closing  feature  in 
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tbe  sequenoe  of  a  long  history,  a  last  page  in  a  many- chaptered 
Tolume.  Its  position  and  oharaoter  are,  in  the  main,  determined  by 
that  of  the  Loess,  and  it  is  merely  that  deposit  rich  in  humus, 
resulting  from  the  decomposition,  through  long  ages,  of  many 
generations  of  grasses  and  steppe  plants.  Not  only  has  it  not  resulted 
from  changes  of  a  complex,  sudden,  and  variable  character,  but  it 
is  actually  being  produced  at  the  present  day,  a  layer  several  inches 
thick  covering  some  of  the  ancient  Tartar  tumuli  so  frequent  on  the 
Eussian  steppe. 

Further,  there  is  no  proof  of  the  former  existence  of  trees  on 
these  areas ;  in  fact  there  is  actual  evidence  forthcoming  against  such 
a  view,  both  in  the  pages  of  history  and  in  the  facts  of  agricultural 
development.  The  winds  that  sweep  the  steppes,  and  carry  far 
and  wide  the  loose  powdery  soil,  are  directly  opposed  to  the  growth 
of  wood  or  forest  on  these  plains.  The  Russo-German  colonist  finds 
it  necessary,  when  attempting  to  start  a  plantation,  to  grow  the 
trees  close  together,  so  that  the  outer  ring  may  protect  the  inner 
ones  from  the  blast. 

Circumstances  have  been  mentioned  which  tend  to  show  the 
necessity  of  overcouiing  special  obstacles  ere  tree-life  can  be 
established,  and  also  proving  that  it  is  only  invading  the  steppe- 
lands  along  lines  where  denudation  influences  are  active.  The 
variations  in  richness  of  humus  may  be  largely  due  to  climate,  and 
the  alteration  in  thickness  to  the  action  of  the  wind ;  but  in  any  case 
the  Black  Earth  would  appear  to  be  a  typical  surface  formation, 
resulting  from  the  direct  chemical  combination  of  organic  materials 
with  the  soil  constituents. 

IV. — JuBASsio  Ammonitbs:  On  the  Genus  Cymbitbs  (Neumayb).^ 

By  S.  S.  Buckman,  P.G.S. 

THIS  paper  deals  with  the  species  which  are  considered  to  belong 
to  the  genus  CymhiieB,  and  the  reason  for  placing  Paroniceras, 
Bonarelli,  as  a  synonym.  A  few  notes  are  added  concerning  Agassi- 
eeras,  which  is  also  affected ;  and  a  description  of  the  little-known 
species  Agassiceras  Colesi  (J.  Buckm.)  is  given. 

Genus,  Cymbites,  Neuraayr,  1878. 
(Type,   Cymbites   globosus,    Zieten,   sp.) 

1875.     Agaasiceroi^  Hyatt,  New  Grenera  Amm. ;  Proc.  Boston  N.  H.  Soc.  vol.  17, 

p.  225  {pars). 
1878.     CymbiteSy  Neumayr,  Unverm.  auftret.  Ceph. ;  k.k.  geol.  Reichsanstalt.  Bd. 

28,  Heft  1,  p.  64  [28],  footnote. 
1884.    Agassic^aSy  Zittel,  Palseont.  Bd.  i.  Abth.  2,  Lief.  ill.  p.  455. 
1884.     CymbiteSy  Zittel,  op.  eit.  p.  456. 
1887.    Agassieeraty  Hang,  PolyinorphidaB ;  Nenes  Jahrbuch  fiir  Mineralogie,  etc. 

Bd.  ii.  p.  94  (para). 
1889.    AgaMiceraty  Hyatt,  Genesis  Arietid© ;  Smithsonian  Contrib.  Knowledge,  673, 

p.  194  (pars). 
1893.    Paronicerasy  Bonarelli,  Sul  Toarciano,  etc. ;  Boll.  d.  Soc.  geol.  italiana, 

vol.  xii.  fasc.  2,  p.  202  (10). 

Also  PkyfloceraSf  Blake,  and  Wright,  pars.     JBarpoceraSy  pars,  Meneghini  et 
anct.  Paeeilomorphusy  Bonarelli,  PelecoceraSy  Hang,  etc. 

^  See  the  author's  previous  paper,  Obol.  Mao.  July,  No.  361,  p.  298. 
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Gymbites  OLOB08U8  (Zieten). 

1830.    Ammonites  fflobosu»y  Zieten,  Vent.  Wiirt.  pi.  28,  fig.  2. 

1849.     Ammonites  glchotuty  Quenstedt,  Ceph.  pi.  15,  fig.  8. 

18.33.     Apnmonites  fflobosiis,  Oppel,  Mittl.  Lias  Schwabens.  pi.  3,  fig.  7. 

1864.     Ammonites  Utvigatus,   Dumortier  (non   Sowerbj),   Baas.   Bhdne,  pi.  18, 

fi}^.  5  and  6. 
1885.     Ammonites   globosus^    Qaenstedt,    Schwabischen    Ammon.    (pL    22,   figs. 

45,  46?),»  pi.  42,  fig.  29  only. 
18S9.     Affassiceras  lavigatum^   Hyatt,   (xenesiB  Arietids  ;   SmitiuoniaB  Cootrib. 

Knowledge,  673,  pi.  Tii,  fig.  13  only. 

(Bat  not  Cymhites  glohosus,  Geyer,  Ceph.  Hierlatz ;  k.k.  geol.  BeichasnsUH, 
Bd.  xii.  Xo.  4,  pi.  iii.  fig.  26,  1886.) 

An  involute,  smooth,  globose  shell,  always  very  small.  There  is 
a  tendency  to  enlarge  the  umbilicus  in  the  last  whorl,  and  to  produce 
an  e volute  shell.  Tlie  septa  are  exceedingly  simple  for  an  Ammonite, 
one  two-pointed  lobe  on  the  periphery,  and  two  simple  lobes  on 
the  side. 

There  is  but  little  difference  apparently  between  the  forms  figured 
from  the  angutatus-zone  (Dumortier)  and  those  from  the  margaritatuS' 
zone  (Quenstedt).  Some  of  the  figures  quoted  in  the  above  synouymy 
are  rather  more  widely  centred  than  others ;  and  this,  together  with 
the  length  of  time  above-noticed,  makes  it  doubtful  if  they  are 
all  the  same  species.  As,  however,  the  figures  are  small  it  is  not 
safe  to  pass  a  definite  opinion  on  the  subject  one  way  or  the  other. 
Enlarged  figures  of  the  forms  from  each  horizon,  all  to  the  same 
scale,  are  required.  Further,  it  is  necessary  that  the  inner  whorls 
of  species  on  the  same  horizons  which  might  be  mistaken  for  them 
should  be  similarly  figured. 

This  species  is  quoted  from  the  angulatus-y  Bucklandi-f^  ohtusus-,^ 
oxynotuS'f  and  margarilatus-zoneB.  I  can  call  to  mind  no  other 
Ammonite  with  anything  like  this  range. 

Cymbites  l^vigatus  (Sowerby). 

1829.     Ammonites  l^vigatus^  Sowerhy  {non  Reinecke),  M.  Conch,  pi.  670,  fig.  3. 

1849.     Ammonites  Davidsofii^  d'Orbi^ny,  Prodrome  i.  p.  226,  No.  38. 

18oG.     Ammonites  Uevigatus^  Oppel,  Juraf.  p.  81. 

1875.     Agasgiceras  Ittvigatum,  Iivatt.     Two  new  genera  Ammonites;  Proc.  Bo5ton 

Nat.  Hist..  Soc.  vol.  17,  p.  226. 
1887.     Agassiceras  leevigatum^  Haug,  Polymorphidae  ;  N.  Jahrbuch  fiir  Mineral,  etc. 

Bd.  ii.  p.  94. 
1889.     AgasHiceras   lavigatum^    Hyatt,    Genesis   Arietida);   Smithsonian   Contrib. 

Knowledge,  673,  pi.  viii.  fig.  12  (9,  11  ?). 

This  species  is  thinner  and  more  evolute  than  C.  glohoaus ;  and  it 
may  be  regarded  as  a  development  of  that  form  having  charac- 
teristics which  are  due  to  the  earlier  inheritance  of  the  adult  features 
of  that  one.  Hyatt's  figure  12  is  typical;  but  his  figs.  9,  11,  are 
developments  of  this  species  to  the  subcostate  stage.  They  are 
possibly  connecting  links ;  thus  his  fig.  9  might  lead  to  Agassicerai, 
and  his  fig.  11  to  something  like  planicosta. 

*  Probably  young  forms  of  oxynotus. 

^  These  records  may  refer  to  Cymhites  kdvigatus  (Sow.). 


S.  S.  Buckman — (hi  Jurassic  Ammonites.  359 

Sowerby  was  not  the  first  to  use  the  name  lavigaius  for  an  Am- 
monite; andy  therefore,  d*Orbigny  placed  the  name  Davidaoni  instead 
of  lavigains.  Oppel,  however,  says :  ''  As  Beinecke's  ItBvigaius  is 
a  poorly-described,  ill-defined  species,  and  Lamarck's  lavigatus  is  a 
synonym  of  A.  Lewesiensis,  I  make  use  of  Sowerby's  name "  (Juraf. 
p.  82).  It  is  wise  to  follow  this  example,  because  there  may 
reasonably  be  some  doubt  whether  d'Orbigny  meant  by  Davidsoni, 
which  be  placed  in  the  Middle  Lias,  the  same  species  as  Sowerby's 
lavigatus,  which  is  a  well-known  Lower  Lias  form.  Further, 
Dnmortier  has  applied  d'Orbigny's  name  Davidsoni  to  a  species 
which  is  not  Sowerby's  lavigatus, 

Cymbites  lavigattia  is  a  well-known  fossil  at  Lyme  Regis ;  but 
curiously  it  found  no  place  in  Wnght's  Monograph.  Oppel  gives 
the  horizon  as  just  over  Am.  Bueklandi  at  Lyme  Regis.  Hyatt  says 
that  it  occurs  there  with  obtusus. 

Cymbites  Bbrardi  (Dumortier). 

1867.     Ammonites  Berardi,  Dumortier,  Baadii  Bhdne  ii.  pi.  21,  figs.  5-7. 

If  this  be  not  the  young  form  of  a  larger  Ammonite,  then  it  must 
be  regarded  as  an  evolute  development  of  C.  ghhosus,  which  has 
acquired  slight  costsB,  but  has  not  lost  its  thickness.  It  looks  not 
imlike  a  much  larger  edition  of  the  inner  whorls  of  planicosta ;  and 
it  may  be  a  species  connecting  globosua  with  planicosta. 

From  what  Dumortier  says,  it  occurs  in  the  Tumert-zone. 

Cymbites  obesus  (Reyn^s). 

1879.    Ammonitet  obesus^  Reyn^s,  Monog.  Amm.  pi.  xxvi.  figs.  10  and  11. 
1887.     Agaasicerat  obeaum,  Haug,  Polymorph. ;  N.  Jahrbuch  fiir  Mineral,  Bd.  ii. 
p.  96. 

This  form  is  the  further  development — more  evolute  and  showing 
a  faint  keel— of  a  form  like  the  striate  globosus  (Hyatt's  lavigatus, 
pi.  viii.  fig.  13) ;  and  it  leads  to  the  next  species. 

Bucklandi-zone  (Reynes). 

Cymbites  Davidsoni  (Dumortier). 

1867.     AmmofiiUa  Davidsoniy  Damortier,  Bassin  Rh6ne  ii.  pi.  21,  figs.  1  and  4. 
1887.     Agaaaiceraa  Davidaoni^  Haug,  Polymorphidse ;  N.  Janrbuch  fiir  Mineral,  etc., 
Bd.  ii.  p.  96. 

This  is  a  subcarinate  form  which  seems  to  be  merely  a  compressed 
development  of  obesus  occurring  on  a  higher  horizon.  The  com- 
pression causes  a  difference  in  the  whorl-shape — in  obesum  the 
whorl  is  depressed,  in  this  species  it  is  compressed. 

Tumeri-zone  (Dumortier,  interpreted). 

Cymbites,  sp. 

1885.     AmmoniteSf  cf.  glohoauty  Quenstedt,  Amm.  Schwab.  Jura,  pi.  42,  fig.  39  only. 

A  somewhat  evolute,  densisept  form  which  shows  a  small  subcarina. 
The  subcarina,  which  is  a  nascent  feature  in  this  series,  is  of  interest 
in  connection  with  Cymbites  stemalia  (see  later). 

Lias  8,  Quenstedt  {^Margaritatus-  or  spinatus»zoneB,) 
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Gymbites  stern alis  (von  Buch). 

1843.     Ammonites  stemalis,  d'Orbignv,  Ceph.  Jorass.  Pal.  franQ.  pi.  111. 

1885.    Ammonites  stemalit,  Quenstedt,  Amm.  Schwabischen  Jura,  pi.  50,  figs.  6 

and  7. 
1893.     Paronieeras  ttenuUey  Bonarelli,  sul  Toarciano,  etc.,  p.  202  (10). 

Yon  Buch's  work  is  not  at  present  accessible,  so  that  my  remarks 
must  be  considered  to  refer  to  the  above-quoted  figures.  D*0rbigny*8 
ii<^ures  appear  to  indicate  that  the  carina  was  phyletically  nascent  in 
this  species — a  carinate  periphery  being,  in  this  case,  a  developmental 
advance  upon  one  uncarinate. 

Upper  Lias.     Zone  ? 

Gtmbites  sttboarinatus  (Young  and  Bird). 

1822.    Nautilus  subearinatus,  Yoone  and  Bird,  Oeology  of  Yorkshire  Coast,  pi 

lii.  fig.  7.     Also  1828,  ed.  2,  pi.  xii.  fig.  9. 
1829.     Ammonites  subcarinattu^  Phillips,  Geology  of  Yorkshire,  pi.  xiii.  fig.  3. 

(The  figure  is  really  not  identifiable.) 
1862.     Ammonites  subearinatuSy  Oppel,  Pal.  Mitth.  pi.  44,  figs.  1  and  2. 
1876.     Fhylloceras  subearinatum^  Blake,  Yorkshire  Lias,  p.  297. 
1884.     Fhylloceras   subcarinatum,   Wright,   Lias   Ammonites    Pal.   Soc.  pi.  81, 

figs.  1—3. 
1893.     Pceeilomorphus  subearinatuSy  Bonarelli,  Osserr.  sul  Toarciano;  BoU.  Soe. 

geol.  italiana,  vol.  xii.  fasc.  2,  p.  6. 

The  subcarinate  periphery  of  stemalis  has  developed  into  the 
bisulcate-carinate  periphery  of  suhcarinatua ;  the  striss  have  become 
ribs,  and  the  small  umbilicus  has  become  larger ;  these  are  all  pro- 
gressive developmental  features  seen  in  analogous  series. 

This  species  appears  to  be  well  distributed,  but  not  common.  It 
occurs  in  Yorkshire,  in  the  Midlands,  and  in  the  South  of  England. 
At  Shepton  Beauchamp,  in  Somerset,  I  found  it  in  situ,  just  at  the 
top  of  the  beds,  with  Harpoceras  falcifernm — iu  fact  just  at  the 
place  where  Harpoceras  falcifernm  and  Hildoceras  hifrons  came  into 
contact. 

The  position  of  the  two  species,  stemalis  and  suhcarinatvSy  has 
always  seemed  to  be  a  puzzle  to  palaeontologists,^  yet  their  relation- 
ship to  the  glohosus  series  appears  obvious  from  their  septation  and 
general  characters.  They  differ  only  in  their  peripheral  aspects;  but 
this  is  merely  a  matter  of  development.  When  an  Ammonite- 
periphery  departs  from  the  arched  shape,  it  becomes  either  elevated 
or  depressed  mediauly.  In  the  former  case  its  full  phases  of 
development  are,  in  consecutive  order,  fastigate,^  subcarinate, 
carinate,  carinate-bisulcate.  These  changes  can  only  become  of 
generic  value  when  the  phyletic  series  splits  into  two  stocks — one 
of  which  retains,  say,  the  arched  periphery,  the  other  acquires  a 
carinate  periphery. 

Now  Cymbites  is,  in  my  opinion,  the  radical  of  all  Ammanacea] 
and,  unlike  Hyatt,  who  goes  to  planorbia  for  his  radical,  I  consider 
that  ^/o6o«M«-like  Triassic  species — perchance  Nannites — are  the 
parents  of  our  Lower- Lias  Ammonites.  From  Cymbites  the  various 
Ammonite-stocks    have    been    cast  off  at   different    times.      Thus 

*  '*  Forms  very  doubtful  as  to  thoir  position.'* — Neumayr,  Unverm.  Ceph.  p.  67. 
^  FastigatuSf  rising  evenly,  like  the  roof  of  a  house ;  sloping. 
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Arnioceras  is  an  example  of  a  derivative  from  Cymhites,  acquiring 
a  carina  while  Cymhites  itself  remained  uncarinate :  here  the 
carina  becomes  of  generic  importance.  But  in  the  cases  of  stemalis 
and  subcarinatus  there  does  not  seem  to  be  any  breaking  up  of  the 
Htock  —  simply  developmental  change  in  Cymbites  as  a  whole. 
In  this  case  a  generic  name  for  stemalis  otherwise  than  that  of 
Cymbites  does  not  appear  to  be  needed ;  and  Bonarelli's  Paroniceras 
seems  not  to  be  required.  That  author  places  subcarinatus  again  in 
another  genus — Foecilomorphus ;  but  this  is  unnecessary  for  the  same 
reason.  Further,  the  type  species  of  Pcecilomorphus  is  the  Am. 
cycloides,  d'Orbigny,  which  possesses  sigmoidal  oost89,  whereas  those 
of  subcarinatus  are  nearly  direct. 

Blake  and  Wright  placed  subcarinatus  as  a  Fhylloceras,  but  this 
was  a  decidedly  unfortunate  position,  which  the  septa  at  ouce 
negative.     No  wonder  that  Bonarelli  in  quoting  this  adds  I  after  it. 

As  to  the  position  in  a  family  arrangement,  the  inclusion  of 
Cymbites  in  the  Arietida  appears  most  convenient.  The  lower  forms 
are  decidedly  goniatitic  in  appearance,  and  the  suture-liue  throughout 
is  of  an  Arietan  character ;  further,  Cymbites  is  the  radical  stock  of 
several  series  of  Arietida,  though  it  seems  also  to  be  the  radical 
of  the  Folymorphidm,^  DeroceratidtB,^  etc.  Biologically  considered, 
however,  the  Arietida  are  the  lowest  of  the  Ammonaceas, 

Hyatt  did  not  include  stemalis  and  subcarinatus  in  his  magni- 
ficent Monograph  on  the  Arietida ; '  but  he  placed  lavigatus 
in  his  genus  Agassiceras ;  in  fact,  Agassiceras  has  priority  of 
Cymbites,  If  it  were  to  be  insisted  that  Agassiceras  should  be  the 
generic  name  for  the  ^Zo6o8t<8-group,  then  Cymbites  would  be  lost, 
and  a  new  name  would  have  to  be  found  for  Scipionianus  and  allied 
forms.  A  recisonable  way  out  of  the  difficulty  seems  to  be  the 
present  use  of  Cymbites,  and  the  employment  of  Agassiceras  as  a 
generic  name  with  Scipionianus  as  the  type-species.  To  that  genus  ^ 
would  belong  Qaudryi  (Reynes)  Sauzeanus  (d'Orbigny) — removed 
from  Coroniceras,  where  it  was  placed  by  Hyatt — and  Colesi  (J. 
Buekman),  a  species  which  has  been  altogether  overlooked.  The 
only  difficulty  in  the  matter  is  the  possibility  of  Oxynotoceras 
ozynotum  being  derived  directly  from  Agassiceras,  in  which  case  the 
name  Agassiceras  would  be  rightly  employed  for  the  ^/o6o8u«-series, 
and  Oxynotoceras  for  the  iSctpiomanti^-series,  and  Cymbites  would 
have  to  go. 

The  present  is  a  suitable  opportunity  to  give  a  description  of 
Agassiceras  Colesi, 

*  Through  Polymorphites  polymorphua  (Quenstedt) . 

'  Through  Microeeras  plaweoatatum  (Sowerby).  The  StephanoceratidcB  are 
descended  trom  the  BeroceraticUs,  The  Amaltheida  and  Oppelida  are  not  traceable 
to  any  of  the  Cymbite»-ioTm&  directly,  but  they  give  ontogenetic  eyidence  of  a  some- 
what similar  phase  in  phyletic  development. 

'  Smithson.  Contrib.  Knowledge,  673. 

*  To  that  series  latum  (**  Coronieeras  latunty^  Hyatt)  should  probably  be  added  as 
the  form  connecting  AgoMteeras  with  Coroniceras.  The  readiest  generic  distinction 
between  Coronieeras  and  Agtusieeraa  will  be  found  in  the  greater  degeneration  of  the 
septa  in  tiie  latter,  Coroniceras  proper  being  distinguished  Dy  long  lobes. 
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A0A8SIOERA8  CoLBsi  (J.  Buckman). 

1845.    Ammonite*  Colesi,  J.  Buckman,  Murchison's  Oeolog^  of  Cheliaiiluim,  second 
edition,  p.  89,  pi.  12,  fig.  2. 

Discoidal,  much  compressed,  strongly  oarinate.  Whorls  in  yonth 
evidently  ^bbous,  rather  strongly  and  widely  oostate,  gradaally 
beooming  flatter-sided,  and  ornamented  with  direot,  slightly  inclining 
costaB,  which  have  a  strong  forward  projection  on  the  periphery, 
where  they  are  very  obscure.  The  oostsB,  which  are  slightly  swollen 
at  the  edge  of  the  inner  margin,  and  again  a  little  more  swollen  at 
the  bend  on  the  outer  area,  become  practically  obsolete  towards  the 
end  of  the  whorl  (specimen  89  mm.  diameter).  Periphery  fastigate 
divided  by  a  strong  carina.  Inner  margin  well-deflneid  on  last 
whorl,  uprights     Inclusion  one- third. 

This  species  is  a  dwarf  development  of  the  evolute  form  of 
Scipionianum}  It  does  not  seem  to  show  the  unispinous  stage 
of  that  species  but  exhibits  only  a  oostate  stage,  and  even  further 
decline  at  any  early  age,  namely,  obsolescence  of  the  costs.  In 
fact  degeneration  of  ornament  is  noticeable,  while  the  form  is  small 
as  compared  to  Scipionianum, 

The  absence  of  tubercles  and  the  small  size  it  has  attained  when 
the  ribs  become  almost  obsolete  distinguish  this  form  from  Sdpiom- 
anum.  The  original  type-specimen,  which  was  badly  figured,  of 
reduced  size,  in  my  father's  work,  is  now  in  my  cabinet  It  came 
from  the  Lias  of  a  railway  cutting  at  Swindon,  near  Cheltenham, 
and  seems  to  be  a  rare  form.  Unfortunately  exposures  of  Lias  in 
the  neighbourhood,  or  in  fact  in  the  Vale  of  Gloucester,  are  few  and 
far  between  now. 

P.S. — Since  the  above  went  to  press  I  have  received  a  pamphlet, 
"Ueber  Ammonoideen  mit  anormaler  Wohnkammer,"  by  Dr.  J.  F. 
Pompeckj  (Vereins  f.  Vaterl.  Naterknnde  in  Wiirtt.  1894).  This 
may  be  consulted  in  reference  to  Cymhites^  pp.  238-240 ;  and  it 
reminds  me  that  I  have  overlooked 

Cymbites  OKNTRIGLOBU8  (Oppel). 

Pal.  Mith.  p.  140,  1862,  the  type  of  which  is,  no  doubt,  the  third 
reference  given  under  C  globosus  (above).  From  that  place  may 
be  removed,  to  be  added  here,  the  second  reference,  and  probahly 

^  Included  by  autliore  under  the  name  iSeipionianus,  evolute  and  involute  forms 
may  be  distinjruisbed — the  former  in  RejTics  and  "Wrigbt's  figures,  tbe  latter  in 
d'  Orbi^ny's.  Certainly  Reyn^s  calls  his  *^  Ammonites  SripioniSy^^  but  this  is  only  short 
for  Scipio?iiafiu8,  d'Orbijrny,  whose  authority  he  gives.  Hyatt,  however,  dis- 
tin*ruishes  Af/aagiccras  Scipiotiianum  and  Aff.  Scipiofiis  as  two  species.  His  "-4^- 
tScipionts^^  seems  to  be  divisible  into  three:  Ist,  Scipionis  (KejTids),  which  he 
qu<)ti« — au  evolute  form  of  Scipionianus^  as  alluded  to  above ;  2nd,  ScipioniMiu 
oii/ex  (Quenstedt,  Amm.  Schwab.  Jura,  pi.  17,  figs.  7-10),  which  he  also  pves  in 
his  synonomy — this  seems  to  be  a  costate  retrosjession  of  Scipionianum,  and  therefore 
a  cousin  of  Cohsij  from  which  it  differs  in  bemg  more  involute,  more  closely  co«tat€ 
to  a  larger  size,  and  it  probably  deserves  distinction  as  Agemsiccras  oli/ex;  3rd,  « 
form  of  which  an  outline  sketch  is  given  in  pi.  13,  fig.  8  (Genesis  Arietuta)— 
a  much  more  involute  fossil  than  oli/ex^  apparently  very  retrogressive,  deserving  « 
distinct  name. 
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the  fiflb,  and  also  Qaenstedt,  Jura,  pi.  21,  fi^.  8.  This  is  the 
Margariiaiu8'Zone  form.  Oppel  considers  that  Zioters's  species  is 
the  06<tMtts-zone  form.  The  difference  between  them  seems  to  be 
chiefly  one  of  coiling,  difficult  to  appreciate  except  in  the  handling 
of  specimens. 

At  page  289  Pompeckj  states  in  reference  to  Cymhitea  and  an 
opinion  of  mine  that  Ammonites  with  ''normal"  body-chambers 
("concentrically  nmbilioate")  cannot  be  the  descendants  of  those 
with  abnormal  body-chambers  ("  excentrically  umbilicate,"  S.  S.  B.)* 
In  making  this  assertion  he  has  overlooked  Dactylioeeraa  and 
StephanoeercLS,  both  examples  of  the  earlier  inheritance  of  "  excentrio 
nmbilication" — the  resnlt  of  ancestral  "  abnormal "  body-chambers — 
producing  *'  concentric  umbilication."  After  all,  the  so-called  abnor- 
mality is  a  very  normal  feature  of  phyletic  development ;  and  the 
incorrectness  of  Pompeckj *s  statement  I  hope  to  prove  at  another 
opportunity. 

v.— Twenty  Years'  Work  at  the  Younger  Red  Rogks.^ 
By  the  Ber.  A.  I&tino,  D.Sc.,  B.A.,  F.G.S. 

HAYING  made  my  first  acquaintance  with  that  puzzling  series 
of  strata  which  bridges  over  the  vast  interval  of  geologio 
time  between  the  Carboniferous  and  the  Jurassic  in  the  Nottingham 
district  during  a  residence  of  eight  years  in  the  good  old  town 
(see  Proc.  Geol.  Assoc,  vol.  iv. ;  also  Quart.  Journ.  Geol.  Soc., 
November,  1875),  the  meeting  at  Nottingham  seems  a  fitting 
occasion  for  summarizing  the  results  of  further  work  in  con- 
nection with  those  rocks,  as  opportunities  have  offered,  during 
the  last  twenty  years.  Those  investigations  have  extended  to  other 
parts  of  the  Midlands,  the  Severn  country,  to  Central  Germany, 
the  Eastern  Alps,  and  to  Devonshire. 

As  Reporter  to  the  Sub-Committee  of  the  International  Geological 
Congress  for  the  ''Permian  and  Trias,'*  I  had  unusual  facilities 
for  correlating  the  results  of  my  own  work  in  the  field  with  those 
of  other  workers.  For  this  reference  may  be  made  to  the  Report 
issued  by  the  Congress. 

In  a  paper  on  the  "  Classification  of  the  European  Rocks  known 
as  Permian  and  Trias"  (Gkol.  Mag.  Dec.  II.  Vol.  IX.  1882),  I 
discussed  more  at  length  the  results  obtained  down  to  that  date, 
with  the  aid  of  the  German  literature  of  the  subject,  my  own 
observations  in  the  German  and  English  areas,  and  the  assistance  of 
Prof.  Jules  Marcou.  These  results  may  be  briefly  stated  as  tending 
to  establish  for  the  European  area  generally  the  definite  existence 
of  two  independent  systems,  the  one  (the  Permian  or  Dyas)  marking 
the  close  of  the  Palasozoic  history  of  the  European  area,  with  which 
it  is  connected  by  its  fauna  and  fiora ;  the  other  (the  Trias)  forming 
the  base  of  the  Secondary  series  of  rock -formations.  I  was,  there- 
lore,  compelled  to  abandon    the  view  as  to  the  continuity  of  the 

^  A  paper  read  at  the  Nottingham  Meeting  of  the  British  Association  in  1803 
(Section  C). 
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whole  series  implied  in  the  name  "  poikilitio,*'  which  I  had  (from  a 
too  limited  sphere  of  observation)  previously  adopted  for  the  North 
Midlands,  as  Prof.  Phillips  had  done  for  the  Severn  country  in  hii 
work  on  the  Geology  of  Oxford,  etc.  Observations  made  in  the 
Alps  and  information  obtained  from  the  writings  of  Giimbel  and 
other  Continental  geologists,  were  communicated  to  this  section  at 
the  Southampton  meeting  in  1882,  and  published  in  fuller  form 
the  same  year  (Geol.  Mao.  November,  1882).  In  that  paper  it  ii 
shown  that  the  Alpine  Trias  admits  of  direct  correlation  with  the 
Trias  of  Germany  by  means  of  fossil-contents  (the  horizons  of  the 
Muschelkalk  being  very  definitely  determined  by  many  characteristio 
fossils  common  to  both  areas),  while  the  Permian  or  Dyas  (the  Trias 
in  part  of  von  Hauer)  is  closely  tied  on  to  the  true  Trias  by  the 
transition  series  of  Giimbel  (plant- remains  in  the  sandstones  at 
Neumarkt  near  Bozen,  fauna  of  the  Bellerophon  Limestone).  The 
importance  of  further  investigation  of  the  true  stratigraphieal  relation 
of  the  Dyas  and  Trias  of  Germany,  and  (as  involved  in  this  question) 
the  true  position  of  the  Bunterschiefer  of  Murehison,  were  thus  brought 
into  prominence.  This  investigation  (with  the  assistance  of  Prof. 
G^initz,  Prof.  Hitter  von  Hauer,  Prof.  Liebe,  and  other  Gkrman 
geologists)  I  was  able  to  make  in  the  summer  of  1883.  The  resulte 
were  given  to  the  world  in  two  papers,  one  "On  the  Dyas  and 
Trias  of  Central  Europe,  and  the  true  Divisional-line  of  those  two 
Systems"  (Quart  Joum.  Geol.  Soc.  August,  1884);  the  other  on 
**  The  Permian-Trias  Question "  (Geol.  Mao.  July,  1884).  Those 
two  papers  were  received  with  expressions  of  the  highest  appre- 
ciation by  so  great  an  authority  as  Prof.  Marcou,  and  my  results 
were  confirmed  by  the  work  of  Geinitz  and  Dittmarsch  in  the 
foUow'mg  year  {Nova  Acta  Acad.  Leopoldina,  1885) — "On  the  limits 
of  the  Zechstein  Formation  and  of  the  Dyas  in  General,"  by  H.  B. 
Geinitz.  The  contention  that  the  so-called  Bunterschiefer  was  an 
uppermost  member  of  the  Trias,  was  thus  refuted  all  along  the  line; 
and  a  stratigraphieal  break  between  the  Dyas  and  Trias  in  the 
German  area  was  thus  established  on  physical  as  well  as  on 
pal  aeon  tological  evidence  suflSciently  strong  to  carry  conviction  to 
the  mind  of  Prof.  Hull,  who  had  previously  given  his  adherence 
to  the  view  implied  in  the  Permian  Trias  of  Murchison. 
The  chief  results  down  to  1884  would  thus  appear  to  be : — 

1.  The  more  complete  establishment  of  the  Permian  or  Dyas  as 
an  integral  and  independent  system,  though  subordinated  on  paleeon- 
tological  grounds  to  the  Carboniferous,  to  which  it  is  in  some 
localities  {e.g.  in  the  Warwickshire  area)  conformable,  though  more 
often  unconformable,  as  in  Notts,  in  the  North-Eastern  area  (where 
the  Kotliliegendes  is  almost,  if  not  entirely,  absent),  in  Thiiringen, 
in  Saxony  (Zwickau  and  other  places  in  the  basin  of  the  Erzgebirge). 
This  differentiation  has  been  further  confirmed  by  the  later  work  of 
Mr.  De  Ranee  in  the  Midlands,  even  for  the  Warwickshire  area. 

2.  The  existence  of  a  great  difference  in  the  relation  of  the 
Permian  and  Trias  to  the  adjacent  palaeozoic  and  archaean  land,  the 
coarser  detritus  of  the  Permian  breccias  (both  in  the  German  and 
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English  areas)  being  traceable  to  the  older  rooks  of  the  region  as 
their  souroe,  in  the  valleys  and  creeks  and  fjords  of  which  it  was 
deposited  ;  while  the  matenals  of  the  coarser  sediments  of  the 
Trias  (Bunter)  are  of  a  more  varied  nature,  including,  and  in  some 
localities  almost  entirely  made  up  of,  well-rolled  detritus  (often 
containing  fossils  of  Silurian  age)  derived  from  a  wider  area,  and  in 
some  cases  transported  from  a  considerable  distance.  The  striking 
contrast  between  the  German  Dyas  and  Trias,  based  on  physical 
facts  alone,  taken  along  with  the  stratigraphical  hiatus  which  exists 
between  them,  and  the  complete  concordancy  of  the  whole  succession 
of  the  strata  which  constitute  the  German  IVias,  harmonizes  fully 
with  the  palffiontological  evidence  which  has  been  worked  out  so 
thoroughly  by  Geinitz  and  others  on  the  Continent,  and  by  King 
in  this  country. 

The  Devon  Area. 

With  the  results  indicated  above  pretty  well  established  and  the 
knowledge  gained  at  first-hand  of  the  German  Bothliegendes  and 
its  English  representatives,  it  is  not  surprising  that  on  my  first 
examination  of  the  Bed  Rocks  of  the  Devon  Coast  Section  in  1887 
I  was  unable  to  accept  the  mapping  of  them  as  wholly  of  Triassio 
age,  or  the  interpretation  of  that  magnificent  coast  section  from 
Seaton  to  Torquay,  which  had  been  published  by  Mr.  Ussher  in  the 
Quart.  Joum.  Geol.  Soc.  The  attempt  on  my  part  to  carve  out  a 
Permian  system  in  the  paper  published  in  the  Quart  Jonrn.  Geol. 
Soc.  in  1888  was  oflSeially  ignored ;  but  when,  after  some  delay 
(mainly  on  official  grounds),  Prof.  Edward  Hull  was  able  to  verify 
my  main  contention  from  field-observations,  a  very  energetic  attempt 
was  made  to  explain  it  all  away  (see  discussion  of  the  Papers  by 
Prof.  E.  Hull  and  A.  Irving  in  Quart  Journ.  Geol.  Soc.  for  1892). 
Further  work  in  the  field  in  the  year  1892  (see  Quart  Journ.  Geol. 
Soc.  for  February,  1893)  led  to  the  definition  of  the  base  of  the 
Keuper  along  the  Otter  Valley,  as  it  had  been  previously  recognised 
in  the  Valley  of  the  Sid.  The  surrender  by  Prof.  Hull  of  the  only 
point  of  importance  on  which  we  had  differed,*  on  going  over  the 
ground  together  the  year  before,  cleared  the  issues  of  the  controversy, 
and  made  a  complete  and  direct  correlation  of  the  Devon  lied  Eock 
Series  (from  stratigraphical  and  lithological  evidence)  with  those  of 
the  Midland  and  Severn  country,  and  with  those  of  Central  Germany, 
not  only  possible  but  easy. 

In  my  1892  paper  I  dwelt  upon  the  importance  of  the  evidence 
furnished  by  the  contemporaneous  volcanic  rocks  in  the  breooia- 
Bandstone  series  of  Devon  (just  as  they  occur  in  the  Perraians  of  the 
Solway  Basin  and  of  Central  Germany),  and  on  the  other  hand  the 
entire  absence  of  them  from  the  undoubted  Trias  of  Devon  (as  they 
are  absent  from  the  Trias  of  the  two  regions  just  mentioned).  The 
value  of  this  comparative  evidence  was  generally  admitted  in  the 
discussion  of  that  paper  at  the  Geological  Society.     I  felt,  however, 

*  That  is  to  say,  the  aj^e  of  the  preat  red  marl  series  below  the  Budleigh  Salterton 
Pebble-bed.     (See  Q.J.G.8.  vol.  xUx.  p.  83.) 
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that  clear  and  unmistakable  proof  of  the  eontemparaneity  of  tbe 
intrusive  rocks  with  the  breccias  was  wantiof^;  and  it  remained, 
therefore,  a  somewhat  moot  point  whether  the  breooias  were  not  on 
the  whole  younger  than  the  volcanic  outbursts  of  the  district,  the 
fragments  of  which  are  abundant  in  the  breccias.  Since  this  meeting 
began,  however,  Mr.  Ussher  has  kindly  informed  me  of  observations 
made  by  himself  of  the  volcanic  rocks  overlying  portions  of  the 
breccia-series,  which  we  may,  therefore,  without  much  hesitation, 
correlate  with  the  pre-porphyritic  stage  of  the  Rothli^gendes  of 
Central  Germany.  We  may  thence  conclude  that  the  very  oldest 
Permian  rocks  of  Europe  are  represented  in  the  Devon  region. 

Prof.  Hull  has  in  his  paper  of  1892  (see  Quart  Joum.  Geol  Soa 
vol.  xlviii.)  dwelt  upon  the  great  unconformity  of  the  breccias  with 
tbe  Devonian  Limestone,  as  seen  in  tbe  cliffs  above  Babbacombe 
Bay,  where  the  detrital  materials  appear  to  fill  an  ancient  (pre- 
Permian)  fjord  or  valley  of  the  older  Devonian  land :  to  this  I 
should  like  to  add  an  instance  of  unconformity,  exhibited  in  a  very 
fine  section  at  Saltern  Cove,  near  Paignton,  where  the  breccias 
with  intervening  bands  of  coarse  sandstone  are  seen  resting  nearly 
horizontally  upon  the  planed-off  edges  of  the  stratified  slates  and 
grits  of  Lower  Devonian  age.  We  have,  therefore,  in  the  neighbour- 
hood of  Torquay  clear  evidence  of  even  a  greater  break  in  the 
stratigraphical  sequence  between  the  lowest  portion  of  the  Permian 
and  the  older  rocks  than  that  which  exists  at  Zwickau  and  other 
places  in  that  part  of  Saxony  between  the  unconformable  Coal- 
measures  and  Naumann's  "  pre-porphyritio  stage  **  of  the  Roth- 
liegendes;  or  that  which  exists  (as  seen  in  the  Kimberley  section) 
between  the  unconformable  Upper  Perniians  (Magnesian  Limestone 
and  Marl  Slate)  and  the  highly  inclined  Coal-measures. 

Subjoined  are  two  section-diagrams  illustrating  this  unconformity 
in  the  Devon  and  Notts  areas  : — 

The  frank  recognition  of  the  presence  of  a  system  of  rocks  of 
Permian  age  in  Devonshire  by  Sir  A.  Geikie  in  his  Presidential 
Address  to  the  Geological  Society  of  London  in  1892,  and  the 
re-mapping  of  the  Devon  Red  Rocks  (nearly  according  to  the 
boundary-lines  indicated  in  my  two  later  papers)  on  the  new  edition 
of  the  one-inch  Map  of  the  Geological  Survey,  which  is  exhibited 
at  this  meeting  of  the  British  Association,  is  a  result,  not  only 
gratifying  to  myself,  but  one  on  which  I  think  we  may  congratulate 
the  Director-General  and  his  colleagues.  The  older  mapping  of  the 
Devon  area  by  De  la  Beche  is  now  officially  superseded  by  the 
introduction  of  the  Devon  Permians  (c/.  the  writer*s  remarks,  in 
Q.J.G.S.  vol.  xlix.  p.  83). 

Physical  History  of  the  Series, 

I  have  written  so  much  in  my  various  papers  on  tbe  physical 
relations  of  these  rocks  to  one  another,  and  to  the  older  formations, 
that  it  would  be  out  of  place  on  the  present  occasion  to  do  much 
more  than  refer  to  those  papers. 

The  land-shore-  and   bay-origin  of  the  great  detrital  Permian 
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deposits  (the  brecoia-sandstone  series),  claimed  by  the  German 
writers  for  their  area,  is  found  to  be  equally  true  for  the  West 
Midlands  and  for  Devonshire ;  but  my  work  has  led  me  (as  my 
papers  show)  to  recognise  terrestrial  deposits  in  them  to  a  greater 
extent  than  our  German  confreres  have  done. 

To  a  geologist  familiar  with  the  Permian  of  Notts,  there  is  little 
difficulty  in  recognising  the  great  red-marl  series  of  Devon  west  of 
the  Aylesbeare  line  of  hills,  as  replacing  homotaxially  the  marine 
Magnesian  Limestone  of  the  northern  area ;  since  in  Notts  the  two 
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Fio.  1. — doast-section  at  Saltern  CoTe  (Tor  Bay),  Devon,  showing  tinconformity  of 
Permian  breccia-sandstonefl  with  the  Lower  Devonian. 

A    Breccias  and  thin  beds  of  irony  sandstone. 

B    Lower  Devonian  slates  with  bands  of  quartzite,  intersected  by  quartz  veins. 


Fig.  2. — Railway  section  at  Kimberley,  Notts,  showing  unconformity  of  Upper 
Permian  (Magnesian  Limestone  and  Marl  Slate)  with  the  Coal-measures. 

A    Magnesian  Limestone.        B    Marl  Slate.        C    Breccia.        D    Coal-measures. 

are  bound  together  by  the  closest  of  all  ties — interstratification. 
And  the  marls  of  the  two  areas  are  identical  in  character.  That 
they  are  the  finer  washiugs-out  from  the  coarser  detritus,  and  the 
sediments  thrown  down  along  with  the  chemically  -  precipitated 
peroxide  of  iron  (to  which  they  owe  their  prevalent  colour)  in 
shallow  enclosed  basins,  is  to  me  the  most  probable  theory  as  to 
their  origin ;  and  there  would  appear  to  be  no  serious  objection  to 
the  view  which  regards  them  as  the  "  Continental "  equivalents  of 
marine  Magnesian  Limestone  of  the  North  of  England  and  the 
marine  Zechstein  of  Germany,  with  both  of  which  such  marls  are 
intimately  associated. 
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As  to  the  coarser  detrital  material  of  the  Bunter,  which  clearly 
gives  us  a  record  of  conditions  very  different  from  the  lacustrine 
conditions  under  which  the  Eeuper  marls  were  deposited,  I  have 
never  heen  ahle  to  see  how  a  riverine  origin  for  these  coarse  and 
irregular  deposits  can  be  reconciled  either  with  their  structure,  tbeir 
composition,  or  their  geographical  distribution.  There  are  plenty  of 
sections  in  and  around  Nottingham  (Castle  Rock,  Church  Cemetery, 
Sneinton,  and  other  places)  where  these  structural  characters  may 
be  studied.  More  recent  work  has  but  confirmed  the  view  I  pot 
forward  twenty  years  ago  as  to  the  rocks  of  the  Pebbly  Sandstone 
type  (such  as  we  have  in  Notts)  consisting  of  Triassio  satkdhaftikt 
deposited  in  narrow  tidal  seas;  and  more  extended  observation  of 
the  great  pebble-beds  of  the  Warwickshire  and  the  Budleigh 
Salterton  type,  compels  me  to  regard  them  as  the  "  ohesil-banks/' 
which  formed  the  shore- equivalents  of  the  sandbanks. 


YI. — On  some  Life  Zonks  in  the  Lower  Palsozoic  Books  of 
THE  British  Areas,  as  defined  mainly  by  Besearohks  during 
THE  Past  30  Years. 

By  Henry  Hicks,  M.D.,  F.R.S.,  F.G.S. 

IT  not  unfrequently  happens  in  these  days  of  superabundant 
scientific  periodical  literature  that  articles  appear  in  which  the 
authors,  usually  unwittingly,  and  generally  from  want  of  leisure, 
fail  to  give  an  adequate  idea  of  the  work  of  authors  anterior  tx> 
])eriod8  with  which  the  writers  are  more  specially  acquainted. 
The  injustice  thus  perpetrated  can  best  be  prevented  by  giving 
occasional!}'  a  brief  resume  of  work  done  in  certain  formations  and 
in  special  areas  during  a  given  period.  The  present  time  seems 
to  me  appropriate  for  giving  such  a  resume  in  the  Geological 
Magazine.  The  first  Number  of  the  Geological  Magazine  was 
published  exactly  30  years  ago  (July,  1864),  and  in  articles  in  the 
first  Number  by  two  eminent  palaeontologists  (Prof.  R.  Jones,  the 
then  Editor,  and  Mr.  J.  W.  Salter)  we  have  clear  and  definite 
statements  relating  to  the  advances  which  had  been  made,  and  to 
the  prevailing  influences  affecting  geological  thought  at  that  time. 
The  writings  of  Edward  Forbes,  Darwin,  and  Huxley  were  then 
producing  a  marked  efiVjct,  and  workers  were  led  to  search  more 
carefully  than  had  ever  been  done  before  for  causes  which  may 
have  tended  to  influence  the  distribution  of  life  in  the  past,  and 
many  of  the  methods  of  research  now  in  use  are  the  outcome  of  the 
advances  then  made.  It  was  undoubtedly  a  period  marked  by  great 
changes  in  methods  of  research,  but,  fortunately,  facts  which  had 
been  well  established  and  the  means  by  which  they  had  been 
obtained  were  not  forgotten.  The  general  effect  was  well  describeil 
by  Prof.  Rupert  Jones  in  the  following  passage  in  the  Editorial 
Article,  Vol.  I.  p.  3,  entitled  **The  Past  and  Present  Aspects  of 
Geology":  **  It  is  now  rightly  considered  legitimate  to  call  in  the 
agency  of  forces  which,  though  not  seen  in  operation  in  nature,  may 
be  evoked  in  the  laboratory ;  and  we  thus  seem  to  be  in  a  fair  way 
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3f  obtaining  an  insight  into  the  causes  of  some  of  the  most  obscnre 
physical  phenomena.  These  attempts  to  enlarge  the  legitimate  field 
3f  geological  investigation  may,  therefore,  be  considered  to  have 
been  attended  with  results  beneficial  to  Science ;  and  instead  of  the 
single  line  of  research  of  a  century  ago,  we  have  now  a  perfect 
labyrinth,  each  path  being  an  avenue  of  thought  paved  with  its 
fundamental  ideas  and  supported  and  lined  by  the  facts  that  have 
been  accnmulated  by  Geologists  during  the  last  fifty  years. 

''The  present  epoch  in  the  history  of  Geology  may  also  be  said  to 
be  characterized  to  some  extent  by  scepticism  as  to  the  exact  truth 
of  at  least  one  of  the  fundamental  principles  to  which  we  have 
alluded,  namely,  the  contemporaneity  of  strata  which  contain  the 
same  or  similar  fossils,  and  which  are  geographically  far  apart. 
The  late  Professor  Edward  Forbes  was  the  first  to  cast  doubt  on  the 
general  belief,  and  his  opinions  have  been  recently  reiterated  in  a 
more  or  less  modified  form  by  several  other  geologists.  Moreover, 
there  is  a  general  tone  of  wholesome  scepticism  respecting  other 
matters,  noticeable  in  recent  geological  works ;  especially  as  regards 
the  simplicity  of  several  phenomena,  which  are  thus  apparently 
being  shown  to  be  much  more  complex  than  has  been  supposed, 
whilst  some  few  others  are  being  proved  to  be  more  simple." 

In  the  same  Number,  page  5,  Mr.  Salter,  who  two  years  previously 
had  discovered  Paradoandea  Davidis  at  St  David's,  and  to  whom  in 
the  meantime  I  had  submitted  material  enough  to  enable  him  to 
announce  at  the  meeting  of  the  British  Association  of  that  year  that  the 
work  had  *•  already  brought  to  light  more  than  thirty  (new)  species 
of  fossils,  most  of  them  Trilobites  "  (Geol.  Mao.  Vol.  I.  p.  289),  and 
who  was  then  about  describing  the  fossils  obtained  by  Mr.  W. 
Yicary  of  Exeter  from  the  Budleigh  Salterton  Pebble  Beds,  in  his 
article  "  On  some  Points  in  Ancient  Physical  Geography,  illustrated 
by  Fossils  from  a  Pebble-bed  at  Budleigh  Salterton,  Devonshire," 
said :  *'  A  sea-side  walk,  with  a  hammer  in  the  pocket,  may  discover 
a  new  world  by  accident;  for,  as  Darwin,  Lyell,  and  Ramsay  have 
told  us,  the  unrepresented  past  times  have  been  far  greater  than 
those  of  which  we  have  a  geological  record,  and  fragments  of  the 
missing  pages  may  turn  up  at  any  time.     It  is  hard  to  realize  this, 

no  doubt yet  every  now  and  then  we  alight  upon   new 

geological  kingdoms  ;  and  still  oftener  on  new  provinces  of  old  and 
well-established  ones.  An  obscure,  but  novel,  group  of  organic 
remains  comes  to  light  in  some  well-worked  district,  for  which  we 
have  as  yet  no  fixed  geological  place.  Then  the  bed  containing  it 
is  found  to  have  a  more  extended  range ;  it  begins  to  be  recognised 
by  a  local  name ;  and,  after  undergoing  the  usual  ordeal  of  doubt 
and  disbelief  attached  to  a  new-comer,  and  being  variously  assigned 
AS  a  local  variation  of  some  better-known  siratnm^  it  settles  at 
length  into  its  rightful  position,  and  secures  its  hold  of  the  public, 
^nd  when  this  is  done,  we  find  it  is  no  stranger  after  all — that  some 
twenty  or  thirty  feet  of  shales,  for  instance,  packed  in  with  the 
!)a8e  of  our  Lias,  are  really  the  representative  of  some  great  Alpine 
Limestones,  which  range  from  the  Tyrol  to  the  sources  of  the 
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Ganges,  and  which  are  only  not  as  important  as  the  Dudley  Lime- 
stone because  they  have  been  as  yet  lens  studied  and  deaoribed." 

It  is  sometimes  stated  that  the  work  of  correlation  by  the  study 
of  the  distribution  of  organisms  in  the  strata  received  about  this 
time  a  severe  check,  not  only  because  of  the  views  already  referred 
to,  but  also  owing  to  the  doctrine  of  colonies,  as  propounded  by 
M.  Barrande,  and  that  this  was  especially  the  case  with  the  Lower 
PalsBozoic  rocks.  Mr.  Salter's  remarks  show  clearly  that  he,  at 
least,  was  not  unduly  influenced  by  the  wave  of  thought  just  then 
affecting  the  geological  mind ;  and  there  is  abundant  evidence  in  the 
many  papers  published  about  this  time  and  subsequently  on  the 
Lower  Paleeozoic  rocks  of  Wales  to  show  that  though  the  prevailing 
viewR  were  given  due  consideration  they  did  not  in  the  least  prevent 
the  facts  obtained  being  always  fairly  stated  and  supported. 

In  regard  to  Life  Zones,  which  it   has  been   stated  were  then 
particularly  neglected  as  being  objects  of  distrust,  I  need  only  say 
that  so  far  as  the  Welsh  rocks  were  concerned  from  the  very  com- 
mencement of  our  work   in  1863,   the  Life   Zones  were  clearly 
indicated,  the  range  of  each  species  was  given,  and  the  organisms 
supposed  to   be   most  typical  of  the   zones  and   most  useful  for 
purposes  of   comparison   were   always    carefully   mentioned.     As 
evidence   bearing  on  this  point  I  need  only  quote  the  following 
passage  from  my  paper,  "On  some  undescribed  Fossils  from  the 
Menevian  Group,"   in  the   Quart.  Journ.  G^ol.  Soc.   May,   1872, 
pp.  180,  181 :  ''  During  my  researches  at  St.  David's  I  have,  from 
time  to  time,  endeavoured  to  note  the   range  of  the  genera  and 
species  as  they  were  discovered ;  and  the  results  have  been  given 
in  the  several  tables  published  in  the  Journal  of  the  Geological 
Society  and  in  the  British  Association  Reports.     I  have  not,  bow- 
ever,  been  able  to  obtain  much  evidence  by  this  means  to  support 
the  theory  of  colonies  propounded  by  the  eminent  palfleontologist, 
M.  Barrande ;   but  several  very  interesting  facts  have  been  noted, 
which  it  might  be  well  again  to  refer  to.     The  Brachiopods  here, 
as  in  other  formations,  have  a  greater  range  than  any  of  the  other 
fossils,  the  same  species  extending  in  some  cases  through  the  whole 
Cambrian  series.    The  sponges  come  next;  for  Protoapongta  fenestrata 
occurs  in  the  Longmynd  group,  in  the  Menevian  group,  and  again 
in  the  Upper  Lingula  flags,  to  the  base  of  the  Tremadoc  rocks, 
where  it  was  found  by  me  a  few  years  since  when  examining  these 
rocks  in  North  Wales.     These,  therefore,  continued  to  live  on  during 
the  deposition  of  from  8,000  to  10,000  feet  of  strata.     None  of  the 
other  Menevian  species  have  any  considerable  range ;  and  but  very 
few  of  the  genera  pass  beyond  the  Menevian  boundary.     Out  of  ten 
genera  of  Trilobites,  one  only,  the  little  Agnostus,  passes  upwards; 
and  not  one  species  out  of  the  whole  number,  in  all  twenty-nine. 
Indeed,  the  range  of  all  the  species  is  very  limited ;  and  each  one 
seems  to  mark  a  special  zone,  wliere  it  flourished  for  a  time  and  then 
disappeared,  perhaps  to  be  followed  by  others  of  the  same  type  but 
never  to  re-appear.     The  Crustacea  are,  therefore,  in  these  earliest 
rocks,  the  surest  indices  of  the  age  of  the  strata,  and  the  best  guides 
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ining  the  several  zones ;  for  the  more  perfect  the  forms  and 
^her  the  development,  the  less  likely  are  they  to  have  a  great 

ugh  Trilobites  were  found  by  us  to  be  of  greatest  value  in 
ig  and  correlating  the  zones  in  the  Cambrian  rooks,  in 
ding  sediments  Qraptolites  and  other  organisms  have  proved 
al  value.  Sometimes  it  so  happens  that  the  forms  which 
*  to  be  the  most  typical  of  an  horizon  in  one  area  are  entirely 
from  another  geographically  not  far  distant ;  but  in  such  a 
mless  it  can  be  shown  that  the  physical  conditions  must  have 
sufiSciently  to  have  affected  the  whole  fauna,  there  are  usually 
ces  of  a  sufficient  number  of  the  associated  organisms  present 
ble  the  zone  to  be  easily  defined. 

storking  out  zones  it  is  necessary,  therefore,  to  register  with 
II  the  forms  which  oocur  with  the  so-called  zonal  fossils,  and 
le  evidences  in  the  strata  of  the  physical  conditions  prevailing 
the  sediments  were  accumulating. 

{To  be  eontintted.) 


•The   Pbimitivb  Boulders  of  the  Yorkshibe  Coast  akd 
THEIR  Lessons.    A  Heplt  to  Two  Critics. 

By  Sir  Henrt  H.  Howorth,  K.C.I.E.,  M.P.,  F.B.S.,  P.G.S. 

NNOT  sufficiently  welcome  the  two  letters  devoted  to  myself 
.  the  July  Number  of  the  Geoloqioal  Magazine  ;  and  I  only 
l\lr.  Harker  and  Mr.  Deeley  will  continue  to  face  the  issues 
3n  us,  and  not  be  content,  as  others  have  been,  with  fulminating 
)r  less  testy  protests,  and  then  retiring  from  the  field. 

Deeley  objects  to  my  statement  that  the  tendency  of  the 
philosophical  writers  on  geology  is  to  go  back  from  the 
Stic  formula  of  Uniformity  enunciated  by  Lyell  and  Barasay 
re  inductive  reasoning.  With  the  writings  of  Suess  and 
rent,  of  Spencer  and  of  Prestwich,  before  me,  all  of  them 
ns  of  the  first  class,  I  cannot  either  understand  or  appreciate 
eeley's  protest  Perhaps  he  means  that  the  geological  world 
ited  to  English  official  geologists;  most  of  them  scholars  of 

and  of  Kamsay,  who  naturally  echo  their  masters'  views. 
11  not  expect  me  to  agree  with  this  delusion, 
ning  from  this  wide  issue  to  the  narrower  one  of  ice-sheets, 
t  again  emphatically  say  that  English  geology  is  making 
ridiculous  in  the  eyes  of  men  trained  as  mathematicians  and 
ists  by  some  of  its  professors  habitually  appealing  to  causes 
►  dynamical  forces  whose  competence  has  not  been  proved 
Q  shown  to  be  consistent  with  the  laws  of  matter.  That  ice 
as  a  plastic  body  has  been  abundantly  proved  by  experiment, 
moving  thus  it  can  travel  over  hundreds  of  miles  of  level 
y,  or  up  and  down  great  hollows  like  the  Baltic  and  the 
Sea,  without  an  adequate  vis  a  tergo,  is  incomprehensible  to  me. 
uch  a  vis  a  tergo  can  only,  in  the  case  of  such  ice-sheets,  be 
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obtained  by  postulating  a  considerable  slope  to  the  ioe  sarfaoa  \i 
equally  plain  and  equally  admitted.  How  ibis  slope  is  to  be 
obtained,  bowever,  no  one  has  yet  explained,  nor  oan  I  see  how 
it  could  exist  without  burying  every  available  land  surface  in 
Scandinavia,  in  the  Lauren tian  Highlands,  etc.,  etc.,  under  deep  ioe. 
If  the  land  surfaces  were  so  buried  it  is  impossible  to  understand 
whence  the  boulders  could  be  derived,  for  they  only  oome  from 
exposed  rocks,  and  to  explain  how  it  is  that  the  higher  parts  of 
the  Dovrefelds,  etc.,  are  not  ice-marked.  These  are  merely  samples 
of  the  many  difficulties  which  many  inquirers  have  raised,  and  which 
I  have  tried  to  condense  and  focus  in  my  recent  books.  These 
books,  not  having  been  written  by  an  official  geologist,  and  therefore 
lacking  official  inspiration,  have  probably  not  been  read  by  my 
critics.  Perhaps  they  will  favour  the  readers  of  the  Osologicil 
Magazine  with  some  adequate  reply  to  them  now. 

But  I  must  not  content  myself  with  a  priori  argaments,  on- 
answerable  though  they  may  be.  I  want  to  ask  my  two  critics 
how  an  ice-sheet  in  the  North  Sea  is  consistent  with  the  splintered 
and  pinnacled  Lofoden  Islands  ? — a  question  Matthew  Williams  long 
ago  asked,  and  which  has  been  strongly  urged  in  a  long  letter 
I  have  received  on  the  subject  from  Professor  Bonney;  or  with 
the  facts  so  eloquently  put  forward  by  Pettersen,  the  most  competent 
observer  who  has  written  on  the  geology  of  North  Norway,  and 
who  has  shown  that  the  inland  ice  of  Northern  Scandinavia  did  not 
even  reach  the  string  of  islands  lining  its  western  coasts,  much  less 
invade  and  cross  the  North  Sea.  It  is  no  use  adopting  the  attitude 
of  the  ostrich  towards  facts  like  these.  The  ostrich  is  a  very  poor 
geologist,  although  some  people  think  that  he  can  thrive  on  boulders 
and  gravel. 

Again,  if  a  Scandinavian  ice-sheet  reached  Qreat  Britain,  how  is 
it  there  are  no  boulders  here  from  the  western  coasts  of  Norway  at 
all  ?  How  is  it  that  the  few  boulders  which  have  been  recognised 
as  Scandinavian  by  Scandinavian  geologists,  who  know  their  own 
rocks  well,  come  not  from  Western  Norway,  but  from  the  famous 
"  Viken  " — whence  the  Vikings  got  their  name,  and  whence  they 
sailed ;  and  that  in  order  to  reach  Northern  England  on  the  back  or 
under  the  foot  of  an  ice-sheet,  that  ice-sheet  must  not  only  have 
Tueaudered  like  a  serpent  and  ignored  the  lines  of  least  resistance, 
without  any  assignable  cause,  but  have  cut  right  through  and  across 
the  main  ice-sheet  which  was  presumably  being  shed  in  sporadic 
fashion  by  the  great  Dovrefelds  ?  The  whole  position  is  so  grotesque, 
when  brought  face  to  face  with  elementary  facts,  that  1  can  only 
explain  the  logic  of  its  champions  on  the  supposition  that  the  ice 
they  appeal  to  is  not  frozen  water  but  composed  of  brain  dust 

One  of  m}'  critics  thinks  he  disposes  of  me  by  the  statement  that 
tho  so-called  glacial  beds  of  East  Yorkshire  are  not  heterogeneous 
masses  of  mixed  mud,  sand,  clay,  and  gravel,  but  are  assorted  and 
sifted.  Of  course  they  are,  and  that  is  why  these  beds  have  nothing 
to  do  with  glaciers  or  with  ice  in  any  form.     Every  moraine  and 
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Bverj  ice  deposit  known  to  myself,  except  in  some  very  local  oases, 
is  a  beterogeneons  mass,  and  is  not  assorted  in  this  way ;  and 
buman  ingenuity  has  hitherto  been  baffled  in  trying  to  show  how 
a  great  moving  mass  of  very  nearly  rigid  ioe  can  sift  sands  and 
gravels  and  tough  clays  apart  from  each  other  and  deposit  them 
successively  in  the  way  these  beds  are  laid  down.  Of  course,  if  we 
^  to  the  moon  for  our  cheese  instead  of  to  some  farm,  where  we  can 
examine  the  process  of  making  it  step  by  step,  we  can  postulate 
Anything  as  to  the  process,  but  the  result  must  be  moonshine  and 
nothing  but  moonshine  I 

Lastly,  as  to  the  provenance  of  the  Yorkshire  boulders:  here, 
anfortunately,  we  differ  absolutely  about  the  facts.  I  have  spent 
months  on  the  coasts  of  Yorkshire  and  East  Anglia,  and  have 
examined  hundreds  of  boulders  there,  but  I  am  bound  to  say  I  have 
never  had  the  luck  to  find  an  unmistakable  Scandinavian  one. 

There  are  vast  numbers  of  boulders  from  the  sandstones  and  the 
limestones  of  the  Garbpniferous  series,  and  a  large  number  from  the 
basaltic  and  other  dykes  which  cross  and  permeate  those  beds. 
Mr.  Lamplugh,  who  has  collected  and  tabulated  hundreds  of  the 
boulders,  says  that  those  from  the  Carboniferous  beds,  including 
the  dykes,  form  about  ninety  per  cent  of  the  whole.  I  do  not  know 
anyone  who  has  brought  these  boulders  from  Scandinavia.  Nor  do  I 
know  anyone  who  has  ventured  to  suggest  that  the  Oolitic,  Liassic, 
and  Cretaceous  pebbles  (which  I  have  collected  in  considerable 
numbers)  have  come  across  the  sea  either.  These  latter  everybody 
known  to  me  attributes  to  the  local  beds.  As  to  the  Carboniferous 
bonlders  and  their  parentage,  Mr.  Lamplugh  says :  '*  With  the 
definite  and  well-known  trail  of  the  Shap  granite  and  Brockram 
erratics  to  guide  us,  we  need  feel  no  uncertainty  as  to  the  quarter 
whence  the  Carboniferous  rocks  have  been  derived.  It  is  clearly  the 
elevated  region  lying  to  the  north-westward,  80  or  100  miles  away, 
which  has  been  the  main  contributor,  and  the  route  must  in  most, 
if  not  all  cases,  have  been  down  Teesdale,  and  thence  south-eastward 
along  the  coast" 

Let  us  put  aside  all  these  admittedly  English  boulders,  therefore, 
and  limit  ourselves  to  the  primitive  stones,  which  in  the  various 
collections  made  by  Mr.  Lamplugh  formed  respectively  3*4 ;  2;  5-7; 
2 ;  3 ;  4 ;  and  1  per  cent,  only  of  the  whole. 

It  was  these  primitive  boulders  only  which  were  sent  for 
examination  to  Mr.  Harker.  Of  them  he  says,  'Hhat  the  bulk  of 
the  specimens  selected  and  submitted  to  him,  of  granitic,  gueissic, 
and  other  crystalline  rocks,  might  have  been  derived,  so  far  as 
their  individual  character  is  concerned,  either  from  Scandinavia  or 
from  the  Scottish  Highlands."  This  is  assuredly  a  very  important 
admission  ;  made  by  Mr.  Harker,  not  when  engaged  in  a  polemic 
with  a  man  of  Gath  like  myself,  but  when  calmly  suniming  up  the 
evidence  in  the  Transcustions  of  the  Geological  Society  of  the  West 
Biding  of  Yorkshire,  new  series,  vol.  xi. 

Amon^  the  boulders  just  named  are  some  of  Shap  granite,  which 
are  unmistakable,  and  others  which  are  apparently  derived  from  the 
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altered  beds  in  contact  with  the  Shap  granite  and  from  tlie  CheTiotB. 
Notwithstanding  this  concurrent  evidence  aboat  the  British  d«i- 
vation  of  the  immense  proportion  of  the  boulders,  Mr.  Barker 
procee<ls  to  argue,  apparently  on  purely  fantaatic  gronnds,  that  the 
primitive  l)oulders  which  may  have  come  from  Scotland  really  came 
from  Scandinavia.  He  says  that  "  the  movements  of  the  ice  and  the 
consequent  directions  of  transport  render  this  oonclusion  probable." 
This  is  assuredly  putting  aside  empirical  methods  in  favour  of  a 
priori  and  fantastic  ones  with  a  vengeance.  Let  as  translate  the 
argument  into  a  syllogism  :  ''  Because  more  than  nine-tenths  of 
the  Yorkshire  boulders,  including  a  great  many  primitive  ones,  are 
known  to  have  come  from  the  north-west,  therefore  it  ie  probdbU 
that  the  stones  of  doubtful  origin  found  among  the  other  tenth  cam 
from  the  nor/ft-eof <."  Could  he  or  I  put  an  inconsequent  argument 
more  clearly  ? 

There  still  remain  a  few  boulders — a  very  few — which,  so  far  as 
our  present  evidence  goes,  were  apparently  derived  from  Viken,  in 
Norway  ;  but  even  here  Mr.  Barker  speaks  with  a  dogmatism  which 
is  unusual  in  science.  When  we  remember  how  long  it  took  to 
discover  the  rock  in  situ  from  which  the  picrite  boulders  in  Anglesea 
were  derived,  it  is  a  very  unsafe  thing  to  assert  d(^matically  that 
a  particular  kind  of  crystalline  rock  does  not  occur  in  any  part  of 
Cumberland  or  Scotland,  and  must  have  come  from  Norway.  I  have 
the  authority  of  one  petrologist,  quite  as  distinguished  and  more 
experienced  than  Mr.  Barker,  who  is  as  sceptical  as  I  can  be 
about  these  ex  cathedra  judgments.  It  is  noteworthy,  by  the  way, 
as  Mr.  Barker  admits,  that  while  boulders  of  augite  porphyry  like 
that  found  at  Lanrveg  have  occurred  on  the  Yorkshire  coast,  none 
have  occurred  there  of  the  elseolite  syenites  which  are  associated 
with  the  augites  in  Norway. 

But  granting  that  some  of  these  stones  may  have  come  from 
Norway — 

A  distinguished  Norwegian  geologist,  belonging  to  the  Geological 
Survey  of  that  country,  who  wrote  a  paper  in  the  Quait.  Joum. 
Geol.  Soc.  on  the  East  Anglian  boulders,  tells  us  that  out  of  the 
many  he  saw  only  two  seemed  to  him  to  be  of  Norwegian  origin. 

But  let  us  turn  to  Mr.  Barker  himself.  In  his  appendix  to  Mr. 
Lamplngh*8  second  and  third  papers  he  only  mentions  two  as  similar 
to  the  augite  syenites  of  Southern  Norway ;  to  these  he  adds  two 
more  in  a  subsequent  paper.  Be  also  mentions  two  boulders  of 
saussurite  gabbro  whose  provenance  seems  to  be  equally  established 
as  from  the  same  district ;  and  this  is  all.  If  this  be  all,  Mr.  Barker 
has  assuredly  been  making  a  voyage  to  one  of  Swift's  regions  of 
cloud  land  when  he  speaks  of  hundreds  of  Scandinavian  boulders  as 
having  been  found  in  as  many  yards  of  the  Yorkshire  coast.  As 
a  matter  of  fact,  those  he  has  described  amount  to  six,  all  told; 
and  to  explain  these  six  boulders  he  would  fill  up  the  North  Sea 
with  ice  and  then  make  it  travel  by  a  labyrinthine  path  which 
might  have  puzzled  the  Minotaur  himself.  I  prefer  to  think  that 
his  bix    boulders,  if  really  Norwegian,  were   brought   by  another 
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agency,  and  very  probably  by  some  ship — either  by  a  Viking,  whose 
countrymen  used  stones  for  anchors ;  or  as  ballast,  as  Mr.  Hughes 
has  seen  other  primitive  boulders  scattered  on  the  coast  of  Norfolk. 
What  I  object  to  most  emphatically  is  the  continual  manufacture  of 
these  gigantic  postulates  on  the  most  fragile  evidence  by  men  whose 
work  and  gifts  give  them  a  wide  audience. 


I^  E  "V  I  E  "W  S- 

I.  —  A  Manual  op  the  Geology  of  India.  Chiefly  Compiled 
from  the  Observations  of  the  Geological  Survey.  Stratigraphical 
and  Structural  Geology.  Second  Edition,  revised  and  largely 
re-written  by  R.  D.  Oldham,  A.B.S.M.,  Superintendent,  Geo- 
logical Survey  of  India.  Published  by  Order  of  the  Gk>vern- 
ment  of  India.  8vo.  pages  i.-xxiii.  and  1-543.  With  several 
Plates  and  Woodcuts,  and  large  Geological  Map.  Calcutta  and 
London,  1893. 

THE  first  edition  of  the  ''Manual  of  the  Geology  of  India," 
published  in  1879,  consisted  of  two  thick  Parts  or  volumes, 
and  a  large  map,  by  H.  B.  Medlicott,  Superintendent,  and  W.  T. 
Blanford,  Deputy  Superintendent,  of  the  Geological  Survey  of  India. 
This  was  followed  in  1881  by  Part  III.,  on  the  "Economic  Geology," 
by  V.  Ball,  Officiating  Deputy  Superintendent;  and  in  1887  by 
Part  IV.,  "Mineralogy,"  by  F.  R.  Mallet,  Superintendent  of  the 
Geological  Survey  of  India. 

The  Parts  I.  and  II.  above-mentioned  were  carefully  reviewed  in 
the  Geological  Magazine,  Decade  II.  Vol.  VII.  1880,  pp.  79-85 
and  127-134.  The  important  conclusions  arrived  at  by  Messrs. 
Medlicott  and  Blanford,  from  the  geological  researches  made  and 
recorded  by  themselves  and  their  colleagues  in  the  Survey,  were 
noticed  in  detail  in  the  review  alluded  to  above,  and  were  shown 
in  classified  tables  taken  from  the  ''  Manual,"  especially  as  to  the 
successional  formations,  severally  in  *'  peninsular "  and  ''  extra- 
peninsular"  India,  with  their  approximate  thicknesses,  charac- 
teristics, geographical  range,  local  types,  and  foreign  equivalents, 
as  far  as  then  known. 

The  labours  of  the  Survey  since  that  time  (1879)  have  been 
continuous  and  successful  in  many  directions,  as  its  rich  and  well- 
conducted  '' PalaBontologia  Indica"  (many  volumes  in  Series  4,  9, 
10,  12,  13,  and  14;  with  an  Index,  1892,  to  the  whole  issue),  and 
its  "Memoirs"  (vols,  xviii.  to  xxiv.),  iully  prove. 

In  the  title-page  of  this  new  Number  of  the  "Records"  (the 
**  Manual  of  the  Geology  of  India — stratigraphical  and  structural — 
second  edition,  revised  and  largely  re- written,  pp.  548,  witii  numerous 
tables  and  geological  maps.  Hoyal  8vo.  half-calf,  1893.  168."), 
unfortunately,  the  names  of  the  original  authors  have  been  omitted, — 
apparently  by  inadvertence,  we  must  suppose,  for  one  of  them  is 
mentioned  at  page  2.  as  having  assisted  in  the  preparation  of  this 
second  edition.     This  omission  is  greatly  to  be  regretted. 
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In  a  prefatory  note  the  Director  of  tbe  Surrey  explains  wby  this 
new  edition  was  unavoidably  delayed,  and  why  be  '*  accepted  Mr. 
K.  D.  Oldham's  offer  to  prepare  a  fresh  issue  "  of  the  book  "  accordant 
with  our  progressive  Survey  of  the  Empire." 

In  this  new  edition,  instead  of  describing  the  geological  featnres 
and  conditions  of  separate  districts  on  a  geographical  plan,  the  new 
arrangement  takes  the  formations  of  the  two  (peninsular  and  extra- 
peninsular)  regions  together  in  their  chronological  order.  Thus  the 
two  tables  at  pages  82  and  83  of  the  Geol.  Mag.  1880,  have  to  be 
taken  together.  Some  corrected  determinations  of  the  true  age  of 
certain  groups  of  strata  allow  of  this  new  plan  being  adopted  with 
advantage.  For  those  parts  of  the  country  where  the  Survey  has 
not  been  able  to  add  any  particulars,  the  text  "  has  been  allowed  to 
stand  practically  as  in  the  original  publication";  but  revised  and 
condensed.  Some  alterations,  on  account  of  advancing  knowledge, 
have  been  made  where  necessary.  **  In  the  Table  of  Contents,  the 
portions  in  which  the  First  Edition  has  been  taken  as  the  basis  of 
the  text  are  distinguished  by  a  different  type  from  that  which 
refers  to  portions  which  are  new  or  have  been  entirely  re-writtetL** 
Judging  from  the  appearance  of  the  new  among  the  old  headings, 
the  proportion  of  the  new  to  the  old  matter  is  about  9  to  22. 

The  first  paragraph  in  Chapter  I.  is  certainly  re- written,  bat  is 
rather  longer  than  at  page  ii.  in  the  first  edition.  The  rest  of  the 
chapter  confines  itself  mainly  to  the  Physical  Geography,  without 
so  much  introductory  and  general  classifioatory  matter  as  was  given 
in  1879.  Chapter  II.  shows  that  the  metamorphic  and  crystalline 
rocks  are  now  better  known.  The  non-fossiliferous  oUler  sedi- 
mentary rocks  are  still  referred  to  some  "  Transition "  series  or 
systems  (Chap.  III.) 

Tlie  "older  palaeozoic"  (Vindhyan,  or  Cambro-Silurian,  for  the 
upper,  and  Cuddapah  for  the  lower)  systems,  both  in  the  peninsular 
and  the  extra-peninsular  areas,  and  including  indications  of  Devonian 
in  Thibet,  and  Silurian  in  Burma,  are  dealt  with  in  Chapters  IV. 
and  V.  The  Carboniferous  and  Triassic  rocks  of  extra- peninsular 
India  (the  Salt-Range,  Ruling,  Simla,  Kashmir,  etc.),  with  possible 
glacial  beds,  come  into  successional  order  here  (Chap.  VI.).  Tlie 
important  Gondwana  system  succeeds  (Chapters  VII.  and  VIIL); 
with  the  Coal-beds  of  Damuda,  Raniganj,  etc.,  with  their  interesting 
fossil  flora,  fishes,  and  reptiles.  The  correlation  of  these  formations 
with  others  in  Australia  and  South  Africa  is  carefully  reproduced. 
The  Lower  Gondwana  comprises  stages  from  Carboniferous  to  Trias; 
and  the  Upper  Gondwana  is  Jurassic.  The  marine  Jurassic  strata 
of  Cutch,  Western  llajputana,  Spiti,  Hazara,  etc.,  are  found  in 
Chap.  IX. ;  and  the  marine  Cretaceous  beds  of  the  Peninsula,  in 
Chap.  X.  The  affinities  of  the  latter  with  extra-Indian  Cretaceons 
formations  is  of  considerable  interest ;  so  also  the  relation  of  the 
great  Trappean  formation  of  the  Deccan  to  the  same  series  and  to 
the  Eocene  volcanic  rocks  of  the  Himalaya,  somewhat  conden8e<l 
from  the  first  edition.  The  extra-peninsular  Cretaceous  rocks  are 
briefly  treated,  with  some  new  notes,  in  Chap.  XIL 
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The  Tertiary  strata  of  the  Peninsula  (Chap.  XIII.),  and  of  the 
Himalaya  (Chap.  XIV.),  have  been  oarefnlly  re-arranged,  with  new 
information  on  some  points.  The  great  and  extensive  Nummnlitio 
Limestone  (Eocene)  comes  into  this  part  of  the  series  (the  reference 
"Nummulites,  cretaceous,  in  Baluchistan,  291,"  in  the  Index  is  a 
mistake ;  no  Nummtdites  are  really  present).  The  extraordinary 
Fossil  Mammalian  Fauna  of  the  Sewalik  strata,  and  their  associated 
land  and  fresh-water  shells,  appear  in  their  place  as  belonging  to  the 
Upper  Tertiary  in  Chap.  XIV.  The  Laterite,  the  Pleistocene,  and 
Recent  deposits,  and  the  features  and  composition  of  the  great 
Indo-Gangetic  plain,  follow  with  some  additional  knowledge  in 
Chapters  XV.,  XVI.,  and  XVII.  Chap.  XVIIL,  on  the  Origin  and 
Age  of  the  Himalayas,  and  Chap.  XIX.,  on  the  Geological  History 
of  peninsular  India,  are  newly  arranged  and  freshly  written. 

Besides  some  27  woodcuts,  in  the  text  (mostly  new),  there  are 
16  plates  (not  numbered)  of  fossils,  "  phototyped  "  from  either  some 
re-arranged  figures  of  the  former  plates,  or  specimens  different  from, 
but  more  or  less  similar  to,  those  figured  in  the  previous  plates, — 
also  a  fiue  view,  from  a  photograph,  of  the  snow-capped  Simvo 
(22,300  feet  high)  in  the  Himalaya, — a  map  of  the  Hill-ranges  of 
India,  modified  from  the  former  map, — a  map  and  plans  of  the 
Volcanoes  of  Burma  and  Bay  of  Bengal, — a  map  of  the  Indo- 
Gangetic  Alluvium, — a  plate  of  sections  of  the  Himalayas  and  Sub- 
Himalayas  ;  also  a  good  map  of  the  Himalayas, — and  a  new  geolo- 
logical  map  of  India,  dated  1891.  Moreover,  a  useful ''  Geographical 
Index  of  Indian  localities  "  fills  30  pages. 

This  book  cannot  but  prove  useful  to  those  who  wish  to  enquire 
into  the  structure  and  physical  history  of  India  and  adjoining  terri- 
tories. Some  notion  of  the  characteristic  fossils  can  be  got  from 
the  figures;  but  they  are  far  inferior  to  the  plates  in  the  first  edition ; 
and  so  indeed  is  the  printing  and  general  finish  of  the  volume. 
The  Index  is  faulty  ;  many  points  are  poorly  treated  ;  for  instance, 
Baluchistan  does  not  take  a  place  in  the  alphabet,  but  appears 
incidentally,  once  with  a  wrong  page,  and  once  with  a  palseon- 
tological  mistake  (noticed  above) ;  and  Nagpur  is  omitted  altogether, 
though  an  important  centre  of  geological  facts  both  physically  and 
historically. 

When  the  next  edition  is  required  (it  may  be  soon,  with  advantage), 
better  paper  and  type,  a  more  exact  style  of  printing  scientific  and 
technical  words,  some  improvement  in  other  editorial  points,  and  a 
more  considerate  title-page  will  make  it  compare  more  favourably 
with  the  first  edition,  and  greatly  enhance  its  value.  T.  E.  J. 

IL — An  Index  to  the  Genera  and  Speoies  of  the  Fobaminifera. 
By  Charles  Da  vies  Shbrborn.  Part  I.  A  to  Non.  Smithsonian 
Miscellaneous  Collections,  856.    8vo.  City  of  Washington.    1893. 

AMONG  the  many  minute  organisms  in  the  sea  are  those  which 
influence  the  features  of  the  sea-bottom,  by  either  local  or 
widespread  accumulation  of  what  we  may  call  shell-matter.  Some- 
times this  occurs  to  such  an  extent  as  to  modify  the  fairway  of  ships ; 
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and  in  past  times  it  formed  shoals  and  banks  of  extenslTe  sea-beds, 
which  have  remained  more  or  less  consolidated  as  recognizable 
limestones  among  the  various  strata  constituting  the  accessible 
parts  of  the  Earth's  crust  These  microzoa  are  chiefly  Foraminifera, 
of  which  we  have  heard  and  read  much  since  the  Expedition  for  the 
arrangement  of  the  Atlantic  Cable  was  reported  in  the  Newspapers, 
and  the  subsequent  scientific  exploration  of  the  "Challenger'*  was 
explained  in  various  ways.  For  a  century  and  more,  however, 
before  that  period,  scientists  had  known  much  of  both  the  deep-sea 
life  and  the  shore-life  of  organisms  similar  to  what  the  deep-dredging 
brought  up.  Naturalists  had  already  devoted  labour  and  thought  to 
the  elucidation  of  these  interesting  objects;  and  descriptions  with 
illustrations,  often  good,  though  rarely  perfect,  had  accumulated  in 
memoirs  and  books  on  the  several  kinds,  genera,  and  species,  of  the 
Foraminifera.  These  little  creatures  were  easily  mistaken  one  for 
another,  within  certain  limits  of  form  and  structure ;  hence  names 
for  them  multiplied  without  clear  distinctions,  just  as  different 
observers  in  many  cases  took  up  really  similar  individuals  and 
treated  them  with  their  own  notions  and  new  names.  Especially 
this  occurred  with  fossil  forms,  which  offered  a  fascinating  study,  bat 
required  a  previous  knowledge  of  the  results  of  former  observations. 
To  meet  this  difficulty,  bibliographic  lists  had  been  appended  to 
some  of  the  best  memoirs  on  the  Foraminifera ;  but  a  far  more 
exact  catalogue  of  the  authors  and  their  works  was  supplied  in  1888 
oy  Mr.  C.  D.  Sherbom ;  and  was  duly  noticed  in  the  Oibological 
Magazine  for  January,  1889,  pp.  34,  35.  Feeling  that  still  more 
was  required  to  enable  workers  to  see  through  this  crowd  of  writers 
and  manifold  confusion  of  creatures,  one  and  the  same  often  bearing 
several  different  names,  Mr.  Sherborn  continued  to  devote  time 
and  labour  to  an  exhaustive  bibliography,  not  only  of  the  writers, 
but  of  every  generic  and  specific  name  applied  to  the  Foraminifera, 
recent  and  fossil.  In  1889  the  Smithsonian  Institution,  at  Wash- 
ington, D.C.,  U.S.A.,  generously  undertook  the  publication  of  this 
enormous  catalogue,  or  "  Index  to  the  Genera  and  Species  of  Fora- 
minifera"; and  the  first  half  of  this  grand  work,  containing  10,000 
names  (from  A  to  Non.)t  in  240  pages  8vo.,  dated  **  November,  1893," 
has  been  printed  and  published  in  a  form  befitting  the  liberality  of 
that  excellent  and  highly  useful  scientific  Institution.  Thanks  to 
Mr.  Sherborn*s  enthusiastic  and  painstaking  labour,  and  his  well- 
tried  experience  in  bibliographic  work,  we  can  now  congratulate 
Rhizopodists  on  having  at  hand  a  trustworthy  guide  through  the 
iiomenclatorial  labyrinth  which  has  grown  up,  from  about  1565 
(when  the  Italian  naturalists  were  beginning  to  notice  the  abundant 
microzoa  on  their  shores  and  in  their  strata)  down  to  1889. 

I'hus  both  former  and  present  students  of  the  Foraminifera  will 
have  the  credit  due  to  them  fairly  apportioned  by  priority;  and 
many  useful  notes,  falling  in  their  right  places  in  the  Index,  will 
aid  future  workers  in  solving  doubts  and  difficulties.  These  wonder- 
fully elegant,  or  quaintly  shelled,  microzoa  are  carefully  studied  in 
many  countries ;  and  of  late  years  much  has  been  added  to  our  know- 
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ledge  of  their  intimate  structure  by  MM.  Mnnier-Chalmas,  Sohlum- 
berger,  and  others,  in  Paris  and  elsewhere ;  and  quite  lately  J.  J. 
Lister,  of  Cambridge,  has  communicated  new  and  very  important 
information  about  living  forms  to  the  Eoyal  Society  of  London. 
The  fossil  species  and  varieties  are  always  being  presented  in  memoirs 
from  one  part  of  Europe  or  another,  and  occasionally  from  other 
regions.  England  is  not  behindhand  in  this  study; — and  of  this 
fact,  F.  Chapman's  elucidation  of  the  Foraminifera  in  the  Chalk  of 
Taplow, — in  the  several  Gault  zones  of  Folkestone, — and  quite  lately 
in  the  Bargate-stone  of  Surrey,  is  sufficient  evidence.        T.  B.  J. 
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June  20th,  1894.— Dr.  Henry  Woodward,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read :  — 

1.  "  On  Deep  Boi-ings  at  Culford  and  Winkfield,  with  notes  on 
those  at  Ware  and  Cheshunt."  By  W.  Whitaker,  Esq.,  B.A.,  F.R  S., 
F.G.S.,  and  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

The  four  borings  are  described  in  detail,  so  far  as  the  specimens 

examined  would  permit ;  these  were  few  in  the  case  of  Culford,  but 

many  from  the  other  borings,     l^e  following  is  an  abstract  of  the 

formations  traversed  in  each : — 

Culford.  Winkfield.  Ware.  Cheshunt. 

ft.  ft.  ft.  ft. 

Surface  Beds 6—17  HJ 

London  Clay —  136  —  30 

Heading  and  Thanet  Beds    __  78  —  46J 

Upper  Chalk )  ,00  329  P183  P273 

Middle  Chalk    )^^^  177  227  P237 

Lower  Chalk 143  219  173  183 

Upper  Oreensand  —  31  40  44 

Oault 73  264  166J  163J 

Lower  Greensand  32J  9  —  — 

Palaeozoic  Rocks   19f  —  36  29J 

657i  1243  841}         1011 

The  interest  of  the  Culford  boring  centres  in  its  striking  the 
Palsdozoic  floor  at  the  small  depth  of  637^  feet ;  but  the  age  of  the 
slaty  rocks  cannot  be  determined.  Although  only  20  miles  east  of 
Ely,  no  Jurassic  rocks  exist,  and  the  Lower  Cretaceous  series  is 
only  about  32  feet  thick,  the  beds  differing  greatly  from  those 
of  Cambridgeshire,  but  resembling  those  of  the  same  age  in  the 
Bichmond  boring. 

The  Winkfield  boring  (3^  miles  W.S.W.  of  Windsor)  is  remarkable 
for  having  been  successful  in  obtaining  water  from  the  Lower 
Greensand,  and  for  the  great  depth  (1243  feet)  to  which  it  was 
carried  for  this  purpose,  the  Gault  being  unusually  thick. 

The  boring  at  Ware  is  now  for  the  first  time  described  in  detail, 
and  former  accounts  are  corrected  from  specimens  preserved  by  the 
New  River  Company.  By  this  means,  and  with  the  assistance  of 
Mr.  W.  Hill,  the  authors  are  able  to  give  a  fairly  complete  account 
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of  the  rocks  and  to  determine  the  limits  of  the  diTisions  of  the 
Upper  Cretaceous  series.  They  deny  the  existence  of  Lower  Green- 
sand  at  this  locality. 

Of  the  horing  at  Cheshunt  a  more  complete  account  is  now  given, 
hased  on  information  and  specimens  supplied  by  Mr.  J.  Francis,  the 
Engineer  of  the  New  Kiver  Company. 

The  paper  concludes  with  a  tabular  view  of  all  the  borings  in  the 
East  of  England,  showing  the  level  below  Ordnance  datum  at  which 
the  PalsBozoic  floor  occurs  in  each. 

2.  "  The  Bargate  Beds  of  Surrey,  and  their  Microscopic  Contents." 
By  Frederick  Chapman,  Esq,,  F.R.M.S.  (Communicated  by  Prof. 
T.  Rupert  Jones,  F.R.S.,  F.G.S.) 

This  is  an  attempt  to  correlate  the  Bargate  Beds  of  Guildford  and 
its  vicinity  with  the  members  of  the  Lower  Greensand  as  known 
elsewhere  in  the  S.E.  of  England. 

(1)  The  strata  at  Littleton  quarry,  near  Guildford,  are  described 
in  detail ;  the  remani6  fossils,  Oolite  ironstone,  and  other  material 
derived  from  older  rocks  are  noticed ;  the  abundant  occurrence 
of  Ostracoda  and  Foraminifera  in  a  particular  clay-band  is  noted, 
and  the  method  adopted  for  getting  them  free  from  the  matrix  is 
described.  The  residuary  minerals  left  from  the  washed  sand  of 
this  clay-band,  and  comprising  zircon,  rutile,  tourmaline,  kyanite, 
quartz,  felspar,  and  glauconite,  have  been  carefully  studied  and 
described  for  the  author  by  Dr.  W.  F.  Hume,  F.G.S.,  who  states 
that  the  minerals  present  are  of  the  same  size  as  those  from  the 
Bagshot  Sands  and  three  times  as  large  as  those  from  the  Chalk- 
marl  of  the  Isle  of  Wight.  The  constitution  of  the  compact  Bargate 
Stone,  with  its  sponge-spioules  and  silicified  shell-structures,  is 
described  in  detail ;  and  a  rare  Corallina  and  numerous  arenaceous 
Foraminifera  are  noticed. 

(2)  The  Bargate  Series  is  well  shown,  along  the  lane  crossing  the 
hill  below  St.  Martha's  Chapel  at  Chilworth,  with  its  pebbly  beds, 
clay-seams,  limestone,  and  sponge-beds.  Dr.  Hinde's  descriptive 
notes  on  the  sponge-spioules  are  given.  Some  detrital  fragments  of 
fossiliferous  Oolitic  rock  described  as  of  Jurassic  age  occur  in  these 
Neocoraian  strata,  and  are  comparable  with  some  of  the  material 
obtained  from  the  deep  boring  at  Richmond,  Surrey,  and  probably 
derived  from  the  old  Jurassic  ridge  to  which  Godwin- Austen 
formerly  made  reference.  The  author  has  found  evidence  in  this 
neighbourhood  of  the  Folkestone  Sands  lying  uuconformably  on  the 
Bargate  Beds. 

Tlie  clay-beds  noticed  by  Dr.  Fitton  at  Holloway  Hill,  Godalming, 
the  author  refers  to  the  Bargate  series.  South  of  Dorking,  also,  Mr. 
Chapman  found  sand  and  clay  of  this  series  on  the  Horsham  Road. 

The  Ostracoda  and  Foraminifera  found  abundantly  in  some  of  the 
Bargate  Beds  in  Surrey  are  then  described  in  detail.  Of  the  former 
there  are  20  species  and  varieties,  7  of  which  are  new  ;  9  have  been 
previously  described  from  Cretaceous  strata,  whilst  4  are  Jurassic 
forms.  Of  the  Foraminifera  there  are  139  species  and  varieties. 
Of  these,   11  are  described  for  the  first  time.     There  are  besides 
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107  whicb  have  bitherio  been  nnreoorded  from  beds  of  Neocomian 
age.  The  following  10  speoies  and  Tarieties  have  been  known  pre- 
viously only  from  reoent  deposits,  viz. : — Haplophragmium  foliaceum, 
Brady  ;  VirguUna  8ubdepres$a,  Brady ;  Ehrenbergina  pupa  (d*Orb.) ; 
Folymorphina  aororia,  Henss,  var.  euspidata,  Brady ;  P.  -ohlonga. 
Will.;  P.  regina^  Brady,  Parker,  and  Jones;  Diseorhina  Bertheloii 
(d'Orb.) ;  D.  eoncinna,  Brady ;  D.  Vilardeboana  (d'Orb.) ;  and 
2).  araucana  (d*Orb.).  The  large  nnmber  of  forms  new  to  the 
Neocomian  fanna  is  undonbtedly  dae  to  the  fact  that  the  deposits  of 
the  Bargate  series  belong  almost  exclusively  to  the  **  Laminarian  " 
and  "Coralline"  zones.  Taking  into  consideration  the  facts  thpt 
23  per  cent,  of  the  forms  recorded  are  almost  peculiarly  Neocomian 
types,  that  these  added  to  known  Cretaceous  and  Tertiary  species 
amount  to  122,  or  87  per  cent  (the  latter  additions  probably  being 
due  to  the  circumstance  that  the  Neocomian  strata  have  not  been  so 
extensively  examined  in  regard  to  their  rhizopodal  fauna  as  might 
have  been  desired),  it  is  extremely  probable  that  the  miorozoic  fauna 
of  the  Bargate  series  is  almost  entirely,  though  not  quite  (since  we 
have  a  few  Jurassic  species  present),  indigenous  to  the  deposit 

In  conclusion,  the  author  states  his  indebtedness  to  Prof.  T.  Rupert 
Jones,  F.R.S.,  and  Prof.  J-  W.  Judd,  F.R.S. ;  to  Dr.  W.  F.  flume, 
F.G.S.,  Dr.  G.  J.  Hinde.  V.P.Q.S.,  Dr.  J.  W.  Gregory,  F.G.S.,  and 
Graf  Solms-Laubach ;  and  to  George  Murray,  Esq.,  F.L.S., — for 
valuable  aid  during  the  preparation  of  the  present  work. 

3.  "  On  Deposits  from  Snowdrifts,  with  Special  Reference  to  the 
Origin  of  the  Loess  and  the  Preservation  of  Mammoth-remains." 
By  Charles  Davison,  Esq.,  M.A.,  F.G.S. 

When  the  temperature  is  several  degrees  below  freezing-point, 
snow  recently  fallen  is  fine  and  powdery,  and  is  easily  drifted  by 
the  wind.  If  a  fall  of  snow  has  been  preceded  by  dry  frosty 
weather,  the  interstitial  ice  in  the  frozen  ground  is  evaporated,  and 
the  dust  so  formed  may  be  drifted  with  the  snow  and  deposited  in 
the  same  places.  The  snowdrifts  as  a  rule  are  soon  hardened  by 
the  action  of  the  sun  or  wind,  and  the  dust  is  thus  imprisoned 
in  the  snow.  As  the  snow  decays,  by  melting  and  evaporation, 
a  coating  of  dust  is  extruded  on  the  surface  of  the  drifts,  and, 
increasing  continually  in  thickness  as  the  snow  wastes  away,  is 
finally  left  upon  the  ground  as  a  layer  of  mud,  which  coalesces  with 
that  of  previous  years.  The  deposit  so  formed  is  fine  in  texture, 
nnstratified,  and,  as  experiments  show,  mica-flakes  included  in  it  are 
inclined  at  all  angles  to  the  horizon. 

The  author  describes  several  such  deposits  both  in  this  country 
and  in  the  Arctic  regions;  and  suggests  (1)  that  the  Loess  is  such  a 
deposit  from  snowdrifts,  chiefly  formed  when  the  climate  was  much 
colder,  but  still  very  slowly  growing ;  (2)  that  Mammoths  suffocated 
in  snowdrifts  are  subsequently  embedded,  and  their  remains  pre- 
served, in  the  deposits  from  them;  and  (3)  that  the  ground-ice 
formation  of  Alaska,  eta,  is  the  remains  of  heavy  snowdrifts  when 
the  coating  of  earth  attained  a  thickness  greater  than  that  which  the 
summer  heat  can  effectually  penetrate. 
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4.  "  Additions  to  the  Faana  of  the  0/eii«ttiM-zoiie  of  the  North- 
west Highlands."  By  B.  N.  Peach,  Esq.,  F.B.S.,  F.G.8.  (Com- 
municated by  permission  of  the  Director- General  Geological  Snrvey.) 

New  material  obtained  by  the  Officers  of  the  G^logioal  8ar?ey 
has  been  placed  in  the  author's  hands,  and  as  a  result  he  is  enabled 
to  add  information  concerning  the  species  of  OlenelluB  previoady 
described  by  him  (0.  Laptoorthi) ;  he  also  describes  a  new  Tariety 
of  this  species,  three  new  species  of  the  genus,  a  new  subgeniu  of 
Oleitellm,  and  a  form  provisionally  referred  to  Baihynoius. 

A  study  of  the  remains  described  in  the  paper  make  it  probable 
that  the  dispersal  of  the  Olenellids  was  from  the  Old  World  towards 
the  New. 

o.  **  Questions  relating  to  the  Formation  of  Coal-Seams,  including 
a  New  I'beory  of  them  ;  suggested  by  Field  and  other  Observations 
made  during  the  past  decade  on  both  sides  of  the  Atlantic."  By 
W.  S.  Gresley,  Esq.,  F.G.S. 

A  number  of  new  facts  are  described,  and  the  bearing  of  these 
and  of  previously  recorded  facts  upon  the  origin  of  coal  is  discussed, 
special  reference  being  made  to  the  Pittsburgh  Coal.  The  author 
lays  stress  on  the  stratification  of  coal,  the  sharp  line  of  demarcation 
between  coal  and  nnderclays,  the  character  of  the  plants  in  the 
underclays  and  their  asserted  root-nature,  the  existenoe  of  partings 
in  such  seams  as  the  Pittsburgh  Coal,  which  partings  sometimes 
contain  Anthracosiat  and  really  separate  the  coal  into  distinct  seams. 
He  describes  the  occurrence  of  "rods'*  of  vegetable  origin  whose 
exact  nature  is  not  known,  which,  with  ferns,  he  suggests  con- 
tributed largely  to  the  formation  of  some  coals.  He  maintains  that 
the  evidence  points  to  the  formation  of  coal  on  the  floor  of  an 
expanse  of  water,  by  vegetable  matter  sinking  down  from  floating 
**  islands  "  of  vegetation,  which  may  have  been  of  very  large  size, 
and  enumerates  cases  of  such  "  islands "  or  "  rafts "  of  vegetation 
which  have  been  described  as  existing  in  modern  times. 

6.  "Observations  regarding  the  Occurrence  of  Anthracite  generally, 
with  a  New  Theory  as  to  its  Origin."    By  W.  S.  Gresley,  Esq.,  F.G.S. 

After  discussing  Dr.  J.  J.  Stevenson's  theory  of  the  origin  of 
anthracite,  the  author  describes  the  nature  and  mode  of  occurrence 
of  tlie  anthracites  of  Pennsylvania,  and  gives  his  reasons  for  con- 
cluding that  the  de-bituminization  of  coal  was  not  produced  by 
dynamic  metamorphism  during  mountain-building  but  rather  by 
previously  applied  hydrothermal  action. 

7.  **The  Igneous  Rocks  of  the  Neighbourhood  of  Builth."  By 
Henry  Woods,  Esq.,  M.A.,  F.G.S. 

In  south-west  Radnorshire  (just  north  of  Builth)  there  is  an  area 
of  Ordovician  and  associated  igneous  rocks,  surrounded  on  all  sides, 
except  the  north-west,  by  Silurian  beds;  this  is  shown  on  Sheet  o^ 
S.W.  and  S.E.  of  the  Geological  Survey  map,  and  was  described  by 
Murchison.  In  this  paper  the  author  gives  a  map  of  the  southern 
half  of  this  area,  and  a  description  of  the  igneous  rocks — andesites, 
andesitic  ash,  rhyolites,  diabase-porphyrite,  and  diabase.  The 
diabase-porphyrite  is  intrusive  in  the  andesite,  and  the  diabase  in 
the  Llandeilo  Shales.     The  andesitic  ash  rests  on  the  andesite,  and 
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is  overlain  by  tbe  Llandeilo  Shales.  The  author  oonolndes  that  the 
andesites,  andesitio  ash,  rhyolites,  and  diabase-porphyrite  are  of 
Lower  Llandeilo  age ;  and  that  the  diabases  are  post-Llandeilo  and 
pre-  Llandovery. 

8.  "  On  the  Relations  of  some  of  the  Older  Fragmental  Eocks  in 
North-west  Caernarvonshire."  By  Prof.  T.  G.  Bonney,  D.Sc,  LL.D., 
F.R.S.,  F.O.S.,  and  Miss  Catherine  A.  Raisin,  B.So. 

In  a  recent  paper  on  "  The  Felsites  and  Conglomerates  between 
Bethesda  and  Llanllyfni,  North  Wales,"  it  is  argued  that,  in  the 
well-known  sections  on  either  side  of  Llyn  Padarn,  a  great  uncon- 
formity separates  the  rooks  into  two  totally  distinct  groups. 

The  authors  of  the  present  communication  discuss  at  the  outset 
the  great  physical  difficulties  involved  in  this  hypothesis. 

They  further  affirm,  in  the  course  of  a  description  of  the  sections, 
which  are  most  clear  and  afford  the  best  evidence : — 

(1)  That  the  strike  in  both  the  supposed  rock-groups  is  similar. 

(2)  That  the  same  is  true  of  the  dips. 

(3)  That  very  marked  identity  of  lithological  characters  may  be 
found  in  rocks  on  either  side  of  the  alleged  unconformity,  specimens 
occasionally  being  practically  indistinguishable. 

(4)  That  in  no  case  which  has  been  examined  can  any  valid 
evidence  be  found  in  favour  of  the  alleged  unconformity,  and  that 
in  the  one  which  is  supposed  to  be  the  most  satisfactory  proof  of  it 
the  facts  are  wholly  opposed  to  this  notion. 


OX   THE    ALLEGED    CONVERSION    OF    CHLORITE   INTO   BIOTITE. 

Sir, — The  discussion  between  Dr.  Callaway  and  myself,  on  the 
above  subject,  has  reached  a  stage  beyond  which  I  do  not  think 
it  can  be  profitably  carried. 

My  great  difficulty  in  this  controversy  has  been  to  know  where  to 
have  my  adversary.  Hunting  Dr.  Callaway's  theories,  from  paper 
to  paper  over  the  leaves  of  the  Geological  Magazine,  takes  my 
memory  back  to  certain  sporting  episodes  in  my  life  connected  with 
the  Indian  Gazelle.  These  graceful  but  restless  little  creatures  are 
constantly  on  the  move,  and  object,  in  a  provoking  way,  to  stand 
still  to  be  shot  at.  I  hope  I  may  be  pardoned  for  saying  that  Dr. 
Callaway's  theories  display  a  similar  unsteadiness  under  fire. 

I  understood  the  author,  in  his  first  paper,^  to  be  stating  a  case  of 
dynamo-raetamorphism,  and  treated  the  matter  from  that  point  of 
view.  Dr.  Callaway  replied  plaintively  that  **  for  the  past  four  or 
^VQ  years,  I  have  been  insisting  that,  in  the  Malvern  crystallines, 
biotite  has  been  produced  out  of  chlorite  by  *  contact-etction  ' ; "  * 
and  on  the  following  page  he  added,  **  I  think  it  probable  that  there 
is  not  a  scrap  of  biotite  in  the  crystallines  of  the  Malverns  which 
has  been  produced  except  by  *  contact-action.' " 

On  reading  these  statements,  which  seemed  precise  and  definite,  I 
tried  another  shot.     Alas  I  the  bullet  flew  wide  of  the  mark.     The 

»  Gbol.  Mao.  December,  1893,  p.  635.  »  Ibid.  May,  1894,  p.  217. 
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author  writes M  ''I  never  said  that  chlorite  is  changed  into  hiotite 

by  contact-action  only Chlorite  is  changed  into   biotite  by 

contact  action  plus  dynamic  action." 

I  will  only  say  in  conclusion,  that  I  do  not  see  that  the  illustra- 
tions which  Dr.  Callaway  has  given  in  his  July  paper  strengthen 
his  case.  If  I  understand  him,  he  seems  to  think  (to  put  the 
argument  shortly)  that  because  chlorite  abounds  where  signs  of 
shearing  exist  that  the  hydrous  chlorite  has  been  produced  by 
shearing ;  and  secondly,  because  he  has  observed  oores  of  mioa  in 
the  chlorite,  that  the  mica  has  been  produced  out  of  the  chlorite 
by  contact-action.  ''  The  uniform  appearance  of  mica,"  he  writes, 
**  where  the  shearing  is  great  and  where  the  granite  veins  are 
numerous,  while  it  is  nowhere  seen  where  shearing  and  veins  are 
absent,  appear  to  demonstrate  that  these  are  the  ^ue  causes  of  the 
generation  of  the  mica." 

I  think  all  the  probabilities  of  the  case  are  opposed  to  this  view. 
As  I  said  in  my  last  paper,  all  petrologists  are  ready  to  admit  that 
dark  mica  is  a  very  common  product  of  the  contact-action  of  granite 
intrusion  in  diorite ;  and  I  think  that  the  subsequent  more  or  lesi 
complete  conversion  of  this  contact  mica  into  chlorite  by  aqoeoui 
agents  that  have  found  ready  access  to  the  rock  along  the  lines  of 
crushing  and  shearing  is  what  one  would  naturally  expect.  That 
there  should  be  cores  of  mica  left  in  the  secondary  hydrous  chlorita 
is  in  accordance  with  the  petrologist's  experience  in  his  studies  of 
the  conversion  of  olivine  into  serpentine  and  of  augite  into  horn- 
blende. Dr.  Callaway's  theory  involves  the  supposition  that  the 
production  of  hydrous  chlorite  should  precede  the  gneiss  of  the 
mica;  and  that  portions  of  the  hydrous  chlorite  should  escape 
unsinged  from  the  burning  fiery  furnace  of  contact  metamorphibm 
that  converted  their  fellows  into  anhydrous  mica.  These,  and  other 
difficulties  enlarged  on  in  my  last  paper,  have  not  been  met. 

C.  A.  McMahon. 
[This  correspondence  is  now  concluded. — Edit.  Geol.  Mao.] 

CATALOGUE  OF  THE  MESOZOIC  PLANTS  IN  THE  DEPARTMENT 
OF  GEOLOGY,  BRITISH  MUSEUM  (NATURAL  HISTORY).  TII£ 
WEALDEN   FLORA,   PART   I.    1894.— A  CORRECTION. 

Sib, — In  adopting  the  generic  name  Nathorstia  for  a  new  type  of 
"Wealden  fern  ("  Wealden  Flora,"  p.  145),  I  was  not  aware  that  the 
late  Prof.  Heer  had  previously  made  use  of  the  same  genus. 

My  thanks  are  due  to  Prof.  Nathorst  of  Stockholm  for  calling  my 
attention  to  Heer's  genus  Nathorstia,  which  was  instituted  in  1880 
for  the  reception  of  certain  fragments  of  Marattiaceous  ferns  from 
the  Cretaceous  strata  of  Pattorfik,  Greenland  (Flor.  foss.  Arct 
vol.  vi.  1882.  Nachtrage  zur  foss.  flor.  Griinlands,  p.  5,  pis.  i. 
and  ii.).  I  propose,  therefore,  to  substitute  the  generic  name 
Leckenbya  for  the  fern  described  in  the  Catalogue  as  Nathorstia 
valdensis. 

Cambridge,  July,  1894.  A.  C.  Sewabd. 

1  Gbol.  Mao.  July,  1894,  p.  320. 
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L — On  a  CoLLEonoN  of  Jurassic  Cephalopoda  fboh  Wsstsbn 
AusTBAUA — Obtained  by   Harby    Page  Woodward,  F.G.S., 

OOYERNMEMT  GEOLOGIST — WITH  DESCRIPTIONS  OF  TUB  SpBCIES. 

By  G.  C.  Crick,  A.B.S.M.,  F.G.S., 
of  ike  BritiBh  Museum  (Natural  History). 

(PLATE  XII.) 

THE  Collection  of  Western  Australian  Cephalopoda  which  has 
been  handed  to  me  for  examination  consists  of  twelve  speci- 
mens, Tiz.  two  Belemnites,  one  Nautilus,  and  nine  Ammonites.  One 
Ammonite  was  obtained  from  Cape  Riche,  E.  of  Albany  ;  all  the 
other  specimens  were  collected  near  Champion  Bay.  They  are 
chiefly  internal  casts,  and  on  the  whole  are  badly  preserved :  the 
Nautilus  is  in  a  fair  state  of  preservation ;  but  the  Ammonites  are 
very  imperfect;  the  suture-line  can  be  satisfactorily  made  out  in  only 
one  specimen,  hence  the  generic  determinations  must  be  regarded 
as  only  approximate.  There  may  be  some  difference  of  opinion  as 
to  the  desirability  of  founding  species  upon  such  poorly  preserved 
fossils,  but  as  several  distinct  forms  can  be  made  out,  it  seems 
desirable  to  assign  names  to  them  for  convenience  of  reference, 
and  it  is  hoped  that  the  figures  which  supplement  the  descriptions 
will  enable  the  species  to  be  easily  recognised. 

The  British  Museum  (Natural  History)  Collection  contains  two 
Ammonites  (Nos.  C.  4708  and  C.  4709)  from  "the  Greenough, 
Champion  Bay,  Australia,"  which  were  presented  by  Captain  Elliot 
to  the  Museum  of  Practical  Geology,  Jermyn  Street,  and  subsequently 
transferred  from  that  Museum  to  the  National  Collection. 

I  desire  to  express  my  thanks  to  Dr.  Henry  Woodward,  F.R.S., 
for  valuable  suggestions ;  and  to  the  Rev.  H.  H.  Winwood,  M.A., 
F.G.S.,  for  the  loan  of  the  Western  Australian  Cephalopoda  which 
were  figured  and  described  by  the  late  Mr.  Chas.  Moore,  now  in  the 
Bath  Museum.  My  thanks  are  also  due  to  Mr.  W.  Rupert  Jones 
for  directing  my  attention  to  some  Western  Australian  fossils  which 
are  preserved  in  the  Museum  of  the  Geological  Society  of  London. 
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BJSLEMNOIBEA. 

Belemnitss  (Agrioola),  Liater. 

Belemnitei,  sp. 

The  oolleotioQ  contains  only  two  fragments  referable  to  this  genv. 
The  one  is  42  mm.  in  length,  much  abraded,  and  partly  obacnred  bj 
matrix.  The  fragment  appears  to  have  been  originally  nearly  qylin- 
drical,  but  its  dorsal  surface  has  been  oonsiderably  abraded,  whilst 
its  ventral  surface  and  portions  of  the  sides  are  obscured  by  matrix. 
A  little  below  the  middle  of  the  specimen,  its  dorso- ventral  diameter 
is  13 '5  mm.  and  its  transverse  diameter  14*0  mm.  One  end  ii 
obliquely  abraded  and  shows  the  presence  of  a  ventral  groove,  from 
which  a  fissure  passes  inwards  to  the  apical  line,  which  is  here 
nearer  the  ventral  than  the  dorsal  surface.  The  extent  of  the 
groove  cannot  be  seen,  as  the  ventral  surface  is  obscured  by  matrix. 

The  other  fragment  is  15-5  mm.  long  and  is  divided  longitudinallj 
so  as  to  present  a  median  section ;  at  the  larger  end  the  dorso- ventral 
diameter  is  8*5  mm.,  its  transverse  about  8*0  mm.,  whilst  at  the 
smaller  end  the  dorso- ventral  diameter  is  6*5  mm.  and  the  transvene 
about  8*0  mm. 

These  fragments  are  probably  referable  to  the  species  which 
Clarke^  and  Moore'  identified  from  W.  Australia  as  BelewmiUt 
earudiculatua,  Schlotheim.'  Moore's  figured  specimen  is  in  the  Btth 
Museum. 

Locality. — Champion  Bay,  Western  Australia. 

NAUTILOIBEA. 
Nautilus,  Breynius. 

Several  Mesozoic  Nautili  have  been  recorded  from  Australia,  viz. 
NautiluB  sinuatus?,  J.  Sowerby,*  Nautilus  semistriatus,  d'Orbigny,* 
and  a  probably  new  species* — all  from  Western  Australia;  and 
Nautilus  Header soni,  R.  Etheridge,  fil,,''  from  Queensland. 

The  present  collection  contains  only  one  specimen  of  Nanixlu»\ 
this  appears  to  belong  to  a  new  species,  and  is  here  described  as 
N,  perornatus. 

Nautilus  peromatuSt  sp.  nov.     (PI.  XII.  Figs,  la,  b,  c) 

1870.  Nautilus  semistriatua,  C.  Moore,  "  AuBtralian  Mesozoic  Geology  and 
Paleontology, '*  Quart.  Joum.  Geol.  Soc.  vol.  xivi.  pp.  230-232.  (Ifot 
of  d'Orbigny.) 

Sp,  char. — Shell  moderately  inflated,  rapidly  enlarging ;  greatest  thickness  near 
the  umbilical  margin;  sides  somewhat  flattened,  sloping  towards  the  periphery: 

*  Quart.  Joum.  Geol.  Soc.  vol.  ixiii.  (1867),  p.  9. 

2  Ibid.  vol.  xxvi.  (1870),  pp.  227,  230,  and  232,  pi.  xvi.  fig.  7. 

3  Petrefactenkunde,  1820,  p.  49. 

*  J.  Sowerby,  Min.  Con.  vol.  ii.  p.  213,  pi.  cxciv.  1818 ;  W.  B.  Clarke,  Quart. 
Joum.  Geol.  Soc.  vol.  xxiii.  (1867),  p.  8. 

*  A.  d'Orbigny,  Pal.  Franc;.  Terr.  Jur.  vol.  i.  1842,  p.  149,  pi.  xxvi.  ;  C.  Moore, 
Quart.  Joum.  Geol.  Soc.  vol.  xxvi.  (1870),  pp.  230-232. 

^  W.  B.  Clarke,  Quart.  Joum.  Geol.  Soc.  vol.  xxiii.  (1867),  p.  9. 
'  R.  Etheridge,  Jli.f  in  Jack  and  Etheridge,  Geology  and  Paleontology  of  Queens- 
land and  New  Guinea,  1892,  p.  602. 
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peripherj  broad,  flattened,  its  width  about  one-balf  that  of  the  lateral  area,  its 
margins  subaneular.  Umbilicus  of  moderate  size,  deep,  with  steep  sides,  exposing 
a  portion  of  the  inner  whorls;  margin  rounded.  Sifmuncle  not  seen.  Chambers 
rather  deep,  about  two-fifths  of  the  corresponding  height  fbreadth)  of  the  whorl  in 
depth  at  the  periphery;  suture-line  forming  a  si^oidai  curve  on  the  side,  its 
direction  on  the  periphery  not  seen.  Test  covered  with  numerous  subregular  looj^- 
tudinal  ridges,  about  one-twelfth  of  an  inch  apart  where  the  height  of  the  whorl  is 
three  inches,  and  one-tenth  of  an  inch  apart  where  the  whorl  reaches  five  inches 
in  height;  between  each  pair  of  ridges  he  five  or  six  very  fine  thread-like  wavy 
l<mgitudinal  lines. 

Diameter  of  shell 8}  inches  ^216     mm.] 

Height  of  outer  whorl 6  „  (127 

Height  of  outer  whorl  above  preceding  whorl about  Z\  „  (89 

Thickness  of  outer  whorl    about  4^  ,,  (114-6 

Width  of  umbilicus |  „  (19 

Depth  of  chamber  at  periphery  where  whorl  has  a  height 

of  4J  inches   If     „  (  41'6    „   ) 

B^markt, — This  species  is  represented  by  only  one  example,  which 
consists  of  the  septate  portion  of  the  shell  and  the  base  of  the  body- 
chamber.  One  side  is  much  abraded,  but  the  periphery  and  the 
other  side  are  well  preserved,  portions  of  the  shell  remaining  on 
the  umbilical  and  peripheral  regions  and  on  parts  of  the  lateral  area, 
sufficient  to  show  that  the  ornamentation  of  the  test  extended  over 
the  whole  of  the  sides ;  the  greater  part  of  the  lateral  area  is  denuded 
of  the  test,  and  shows  the  course  of  the  suture-lines.  The  position 
of  the  siphuncle  is  not  seen. 

The  collection  of  Western  Australian  fossils  in  the  Bath  Museum 

contains  a  Nautilus,  which,  though  much  worn,  has  a  small  fragment 

of  the  test  preserved  near  the  extremity  of  the  shell  and  close  to  the 

periphery   (hence  probably  assigned  by  Moore  to  N.  semistriatus, 

d'Orb.),  that  enables  the  writer  to  identify  it  with  the  present  species. 

The  dimensions  of  thespecimen  are  as  follows : — 

Diameter  of  shell 120  mm. 

Height  of  outer  whorl    77 

Height  of  outer  whorl  above  preceding  whorl   51 

Thickness  of  outer  whorl  (shell  crushed  on  one  side)  ...about    68 

Width  of  umbilicus  (obscured  by  matrix) about     14 

Depth  of  chamber  where  shell  has  a  diameter  of  95  mm.    ...    21 

This  specimen  does  not  show  the  position  of  the  siphuncle. 

Affinities  and  differences. — The  species  of  Mesozoic  Nautili  whicb 
have  hitherto  been  identified  from  Australia  are  Nautilus  sinuntus  ?  ^ 
and  Nautilus  semistriatus,^  both  from  Western  Australia.  Nautilus 
subsinuatus,  d'Orbigny'  (znNautilus  sinuatus,  J.  Sowerby^)  is  dis- 
tinguished from  the  present  species  by  its  more  compressed  form 
and  the  narrower  and  deeper  lateral  sinus  of  its  suture-line.  In 
Nautilus  semistriatus,  d'Orbigny,'  the  longitudinal  ornaments  do  not 

*  W.  B.  Clarke,  **  On  Marine  Fossiliferous  Secondary  Formations  in  Australia,'' 
Quart.  Joum.  Geol.  Soc.  vol.  xxiii.  (1867),  p.  8. 

*  C.  Moore,  **  Australian  Mesozoic  Geology  and  Palaeontology,"  ibid.  vol.  xivi. 
(1870),  pp.  230-232. 

»  Prod,  de  Paleont.  Stratigr.  vol.  i.  (1850),  p.  260. 

*  Min.  Con.  vol.  ii.  p.  213,  pi.  cxciv.  1818.  This  name  was  preoccupied  by 
Fichtel  and  Moll  in  1803,  and  hence  altered  by  d'Orbigny  to  subsinuatus. 

*  Pal.  Fran^.  Terr.  Jur.  vol.  i.  1842,  p.  149,  pi.  xivi. 
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cover  the  entire  sarfaoe  of  the  test  as  in  the  Australian  specieSi  but 
are  confined  to  the  peripheral  and  ambilical  regions.  The  present 
species  is  closely  allied  to  Nautilus  omatus,  Foord  and  G.  C  Crick,* 
from  the  Inferior  Oolite  of  Sherborne  and  Dandry,  hot  it  is  at  once 
distinguished  by  the  character  of  its  ornaments.  From  NauHln 
intennediuSf  J.  Sowerby,'  and  N.  striatus,  J.  Sowerby/the  Aostralian 
form  is  distinguished  by  the  ornamentation  of  the  shell ;  it  is  also 
less  inflated  than  N,  striatus.  The  sculpture  of  the  present  species 
bears  a  marked  resemblance  to  Dumortier's  figures  ^  of  the  test  of 
Nautilus  rugosus,  Buvignier^;  but  the  Australian  shell  lacks  the 
transverse  lines,  which  Buvignier  notes  in  the  young  of  his  species, 
and  which  Dumortier  figures  on  a  specimen  140  mm.  in  diameter. 
N,  rugosus  is,  moreover,  a  much  more  compressed  shell.  According 
to  Dumortier  it  is  not  very  rare  in  the  zone  of  Ammonites  amatut. 
Nautilus  Jourdaniy  Dumortier,*  from  the  Upper  Lias  of  England  and 
France,  diifers  from  the  Australian  species  by  its  sculpture  and  the 
angular  margin  of  its  umbilicus. 

Locality,"'  Champion  Bay,  Western  Australia. 

AMMONOIDJEA, 

Ammonites  (Dobsbtknsia,  S.  S.  Buokman). 

Ammonites  (Dorsetensia)  ClarJcei,  sp.  nov.      (PL  XII.  Figs.  2a,  (,  e,) 

P 1870.  Ammotiitei  radiant,  C.  Moore,  ^'Australian  Meaozoic  Geology  and 
Tala^ontology/*  Quart.  Joum.  Geol.  Sec.  toI.  xxvi.  pp.  230  and  232, 
pi.  XV.  fig.  2. 

Sp.  ehar. — Shell  discoidal,  compressed,  evolute;  greatest  thickness  at  about  the 
middle  «)t'  thf  lateral  area,  nearly  three-fourths  of  the  height  (breadth)  of  the  whorl. 
NunilMT  of  whorls  unknown;  incliLsion  small;  umbilicus  large,  open,  shallow. 
Whorl  rsubquadrate  in  section,  higher  than  wide,  very  slightly  indented  br  the 
prec(<iiu^  whorl.  Peripher)' sloping  on  either  side  from  a  small  well- markeif  solid 
carina ;  in  the  cast  the  peripheral  area  is  flattened,  having  a  depresstnl  band  or 
nulinittutary  .sul('U>  on  each  side  of  the  carina  ;  the  inner  whorls  have  a  flatt^ntd 
I)eriitlu  ral  area  with  a  clearly  marked  sulcus  on  either  side  of  the  carina.  Sides 
feebly  cnuvex ;  inner  area  imperfectly  defined,  slightly  convex,  sloping  towards  the 
uinbili'iLs.  rham])ers  moderately  deep,  in  depth  at  tfie  periphery  nearly  two-third? 
of  the  hei«rht  (breadth)  of  the  whorl.  Suture-line  not  ver)'  complicated';  peripheral 
(«*iphuual;  lobe  narrow,  fairly  deep,  with  nearly  parallel  sides,  divided  by  a  rather 
low  median  .saddle  ;  first  (superior)  lateral  lobe  somewhat  deeper  than  theperiphewl 
(si])liuii:il:,  tritid ;  second  (inferior)  latt^ral  lobe  small,  trifid,  scarcely  one-hall  the 
size  ot  the  tir?<t  lateral ;  a  small  auxiliary'  lobe ;  external  (siphonal)  saddle  broad, 
divided  by  a  small  secondar)'  lobe  into  two  unequal  parts,  the  smaller  of  which  i< 
towaiiU  the  peripheral  (siphonal)  lobe ;  lateral  saddle  much  smaller  than  the  externa] 

>  Ann.  Mag.  Nat.  Hist,  f^],  vol.  v.  p.  273,  fig.  7.  "VSTien  the  specimen  here 
repp^onted  wa.s  figured  the  localit}'  was  not  known,  but  Mr.  Etheriage,  F.R.S.. 
in  wht»-e  coUertiun  the  specimen  was  originally,  tells  the  writer  that  the  **P" 
'written  in  ink  u])on  the  specimen  means  "  Dundry." 

2  Miu.  Con.  vol.  ii.  p.  53,  pi.  cxxv.  1816. 

3  m>L  ]).  183,  pi.  clxxxii.  1817. 

*  Etudes  j.:tleontologiques  sur  les  d6p6ts  jurassiques  du  Bassin  du  Rh6ne,  pt.  3. 
p.  04.  pi.  viii.  ft.  3,  4 ;  1.  3  especially. 

•'  Stitistique  geologique,  mineralogique,  minerallurgique,  et  paleontologique  du 
Department  de  la  M«'use,  1852,  Atlas,  p.  46,  pi.  xxxi.  ff.  23-26. 

*  Ktiides  j.aleoutologiques  sur  les  dej)ots  jurassiques  du  Bassin  du  Rhone,  pt.  4, 
p.  44,  pi.  vii.  fE.  1-6. 
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(peripheral).  Test  ornamented  with  ventrally-projected,  snbarcuate  ribs,  which  (in 
the  cast)  are  inconspicnous  on  the  inner  third  of  the  whorl.  The  inner  whorls  are 
marked  by  forwardly  inclined  ribs,  which  (in  the  cast)  are  not  ver}'  conspicuous  on 
the  inner  area,  though  they  appear  occasionally  to  have  crossed  this  area. 

Diameter  of  shell  (estimated)  about  60    mm. 

Height  of  outer  whorl    19     ,, 

Thickness  of  outer  whorl  13*6,, 

Width  of  umbilicus   (estimated)  about  26     ,, 

i?efiuirA;«. — This  species  is  represented  by  a  single  specimen  con- 
sisting of  portions  of  three  whorls  of  a  shell  about  60  mm.  in 
diameter.  The  whole  is  septate  and  only  a  small  portion  of  the 
test  is  preserved.  The  extreme  length  of  the  specimen  along  the 
periphery  is  71  mm.  At  the  central  point  the  dimensions  of  the 
whorls  are  as  follows : — 

Height  (breadth)  of  outer  whorl  16*5  mm. 

Thickness  of  outer  whorl 11*5    „ 

Height  (breadth)  of  preceding  whorl  (as  seen  in  a  lateral  aspect)     7*0    ,, 

Thickness  of  preceding  whorl    7'5    „ 

Height  (breadth)  of  next  inner  whorl  (as  seen  in  a  lateral  aspect)     3*0    ,, 
Thickness  of  next  inner  whorl  4*5    ,, 

Thus  the  combined  height  (breadth)  of  the  three  adjacent  whorls  is  seen 
to  be  26*5  mm. 

The  specimen  figured  by  Moore  under  the  name  AmmonxUi  radians 
most  probably  belongs  to  the  present  species.  It  has  a  diameter  of 
about  60  mm.,  but,  for  the  sake  of  comparison  with  the  example  just 
mentioned,  the  following  measurements  were  taken  at  a  point  where 
the  shell  has  a  radius  of  28  mm. : — 

Height  (breadth)  of  outer  whorl   17     mm. 

Thickness  of  outer  whorl   10*5   ,, 

Umbilicus  of  outer  whorl 21       ,, 

Height  (breadth)  of  preceding  whorl  (as  seen  in  a  lateral  aspect)      7      ,, 

Thickness  of  preceding  whorl    indeterminable 

Umbilicus  of  preceding  whorl    9     mm. 

Height  (breaath)  of  2nd  inner  whorl  (as  seen  in  a  lateral  aspect)      2*5   ,, 

Thickness  of  2nd  inner  whorl    indeterminable 

Umbilicus  of  2nd  inner  whorl  4     mm. 

Height  (breadth)  of  3rd  inner  whorl 1      ,, 

It  will  thus  be  seen  that  at  this  point  the  combined  height  of 
the  outer  and  two  earlier  whorls  is  the  same  as  in  the  previous 
specimen,  and  that  the  relative  proportion  of  the  height  of  the  whorls 
is  almost  identical  with  that  in  the  incomplete  specimen  previously 
referred  to.  At  the  point  where  the  septa  are  best  seen,  Moore's 
specimen  is  somewhat  abraded,  so  that  the  true  form  of  the  suture- 
line  is  not  displayed  (see  PL  XII.  Fig.  3). 

Affinities  and  differences. — This  species  at  once  suggests  a  com- 
parison with  Orammoceras,  Hyatt,  and  Dumortieriat  Haug ;  both  the 
character  of  the  ornamentation  and  the  general  form  of  the  suture- 
line  suggest  the  division  Orammoceras  rather  than  Dnmortieria.  Mr. 
S.  S.  Buckman  has,  however,  very  kindly  examined  this  specimen, 
and,  in  a  letter  to  the  writer,  says:  ''It  would  be  advisable  to  ascribe 

it  to  Dorseiensia Its  costation  indicates  either  Grammoceras 

or  one  of  the  Sonninina ;  its  septation — the  tridactyloid  character  of 
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the  superior  lateral  lobe  is  decidedly  against  Chrammoeeras  and  in 
favour  of  the  Sonninina." 

The  species  of  Dorsetenna  which  seems  to  oome  nearest  to  the 
Australian  fossil  is  D.  Edouardiana  (d'Orbigny),^  but  the  latter  can 
be  at  once  distinguished  by  the  form  of  its  suture-line. 

The  present  species  comes  very  near  Orammoceras  toarente 
(d*Orbigny)  *  and  Grammoceras  striatulum  (J.  de  C.  Sowerby),'  two 
forms  which  have  great  resemblances,  but  which  are  regarded  u 
distinct  species  by  Oppel,  Dumortier,  and  Buokman.  The  inner 
whorls  of  the  Australian  fossil  possess  a  square  peripheral  area  with 
a  rudimentary  sulcus  on  each  side  of  the  carina,  and  in  this  respect 
the  specimen  more  nearly  resembles  middle-aged  examples  of 
Grammoceras  toarcense  (d*Orbigny)  as  described  by  Buckman,  Gram. 
striatulum  having  an  acute  peripheral  area  at  all  agea.  The  ribbing, 
too,  is  like  that  of  toarcerise,  but  the  whorls  have  no  well-defined 
inner  margin,  and  in  this  character  the  specimen  resembles  (rrammo- 
ceras  striatulum  (J.  de  C.  Sowerby).  The  soture-line  is  more 
ornamented  than  in  Grammoceras  toarcense,  and  approaches  that  of 
Grammoceras  Doertense  (Denckmann) ;  but  in  the  latter  species^  the 
first  (superior)  lateral  lobe  is  not  so  deep,  and  the  lateral  saddle  is 
neither  so  broad  nor  so  rounded  as  in  the  Australian  specimen. 

The  character  of  the  suture-line  distinguishes  this  present  speoiet 
from  '* Harpoceras "  pseudoradiosum,^  and  " Harpoc,*'  subundulaiim* 
Branco,  whilst  the  disposition  of  the  inner  part  of  the  suture-line  of 
the  Australian  specimen  separates  it  at  once  from  such  forms  as 
Dumortteria  grammoceroidesi^  Haug,  and  JD,  Levesquei^  (d'Orbigny), 
with  which  it  has  certain  external  resemblances. 

Of  the  Ammonites  which  have  been  recorded  from  Australia,  two 
only,  viz.  A,  Moorei,  Lycett,'  or  A,  Aalensis,  Zieten,  var.  Moorei, 
Lycett,*'^  and  A.  radians,  Schlotheim,"  have  any  resemblance  to  the 

I  Pal.  Fran9.  Terr.  Jur.  vol.  i.  1842,  p.  392,  pi.  cxxx.  ff.  3,  4  (5  ?) ;  S.  S. 
Buckinan,  Inf.  Ool.  Amm.  (Mon.  Pal.  Soc),  pt.  xi.  1892,  p.  304^  pi.  xlLt.  f.  4,  and 
pi.  lii.  ff.  8-24. 

»  Pal.  Frnnq.  Terr.  Jur.  vol.  i.  1842,  p.  222,  pi.  Ivii.  D'Orbigny  wrote  the 
name  as  Jliouanemis^  which  spelling  has  been  aaopted  by  most  authors  exc«i)t 
E.  Deslougchamps,  who  wrote  Afnmonites  toarcensis.  Mr.  S.  8.  Buckman  [Inf. 
Ool.  Aram.  (Mon.  Pal.  Soc.),  pt.  iv.  1890,  p.  172]  adopts  the  spelling  toareenm, 
"since  the  name  is  taken  from  Thouars,  a  town  in  Deux  S6\Tes,  of  which  the 
C(»rnct  Latin  name  is  Toarcium." 

^  Min.  Conch,  vol.  v.  p.  23,  pi.  ccccxxi.  f.  1. 

*  See  Denckmann,  *' Ueber  die  geognostischen  Verhaltnisse  ITmgegend  tod 
Pornten  ntirdlich  Goslar,*'  Abhandlungen  zur  geologischen  Speciolkarte  von  Preuss^n 
iiml  den  Thiiringischen  Staaten,  vol.  viii.  pt.  2,  1887,  pi.  viii.  f.  4  ;  pi.  x.  i.^' 
and  S.  S.  Buckman,  Inf.  Ool.  Amm.  (Mon.  Pal.  Soc.J,  pt.  iv.  1890,  pi.  xxix.  f.  3. 

*  W.  Branco.  **  Der  untt^re  Dogger  Deutsch-Lotnringens,"  Abhandlungen  i^ 
gculogischen  S[)ecialkarte  von  Elsass-Lothringcn,  vol.  ii.  (i.),  p.  77,  pi.  ii.  ff.  1-*- 

^  W.  Branco,  ibid.  p.  84,  pi.  iii.  ff.  3,  4,  5 ;  pi.  iv.  f.  1. 

"  E.  Haug,  "Poh-morphidie,"  Neues  Jahrbuch,  1887,  vol.  ii.  pi.  v.  f.  5,  and 
woodcut  6f,  p.  137 ;  and  S.  S.  Buckman,  Inf.  Ool.  Amm.  (Mon.  Pal.  Soc.),  pt.  vi. 
1802.  p.  262,  pis.  xM.  and  xlvii. 

*  D^Orbigny,  Pal.  Francj.  Terr.  Jur.  vol.  i.  1842,  p.  230,  pi.  Ix. 

3  W.  B.  Clarke,  Quart.  Joum.  Geol.  Soc.  vol.  xxiii.  (1867),  p.  9. 
»^  C.  Moore,  ibid.  vol.  xx^-i.  (1870).  pp.  230,  232,  pi.  xv.  f.  1. 

II  W.  B.  Clarke,  ibid.  vol.  xxiii.  (1867),  p.  8  ;  C.  Moore,  ibid.  vol.  xxvi.  (1870), 
pp.  230,  232,  pi.  XV.  f.  2. 
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;  species.  Both  have  been  recorded  from  Western  Australia. 
ites  Moorei,  Ljcett,^  differs  both  as  regards  sculpture  and  the 
f  the  suture-line ;  in  fact  it  belongs  to  Dumortieria.  As  we 
Iready  remarked,  the  present  species  is  most  probably  the 
IS  that  which  Moore  figured  under  the  name  A,  radians, 
leim  (Nautilus  radians,  Keinecke);  a  name  which  has  been 

0  various  species  of  Ammonites,  as  Mr.  Buckmah'  has  pointed 
le  present  specimen  certainly  does  not  agree  with  Beinecke's 

of  "  Nautilus  radians.** '  We  therefore  suggest  for  the 
lian  species  the  trivial  name  Clarkei. 

irding  to  Mr.  Buckman  all  the  species  of  Dorsetensia  are  found 
HumphriesianuS'Zone,  with  the  exception  of  two  forms,  which 
n  the  Sauzei'zoue. 
Uty. — Champion  Bay,  Western  Australia. 

Ammonites  (Stephamocbbas,  W.  Waagen). 

ites  (Stephanoeeras)  Australe,  sp.  nov.     (PI.  XII.  Figs.  4a,  h.) 

Ammonites  maerocephalus,  C.  Moore,  '^Australian  Mesozoic  Oeology  and 
Palceontology,"  Quart.  Journ.  Geol.   Soc.   vol.  xxvi.   pp.   227,  232, 

pi.  XT.   f.  6. 

lar. — Shell  (cast)  discoidal,  somewhat  inflated,  not  very  rapidly  increasing ; 
thickness  at  about  the  middle  of  the  lateral  area,  about  two-fifths  of  the 
'  of  the  shell ;  height  (breadth)  of  outer  whorl  rather  more  than  one-third 
ameter  of  the  shell.  Number  of  whorls  and  amount  of  inclusion  unknown ; 
s  wide,  fully  one-third  of  the  diameter  of  the  shell  in  width.  Whorl 
it  depressed,  elliptical  in  section,  a  little  thicker  than  high,  slightly  indented 
)rece^n^  whorl;  periphery  convex,  a  little  flattened;  sides  convex,  inner 
mded,   imperfectly  deflnea.     Each  whorl  bears  about  twentj-five  short 

1  ribs,  each  of  which  commences  at  the  suture,  extends  with  a  shght  forward 
9n  over  the  inner  third  of  the  lateral  area,  and  terminates  in  a  well-marked 
elongated  tubercle.  Each  tubercle  gives  rise  to  two  subangular  (in  the  cast) 
ich  pass  uninterruptedly  over  the  periphery.  Single  ribs  are  occasionally 
ited  between  the  pairs.  There  are  about  sixty  peripheral  ribs  to  a  whorl,  and 
periphery  the  interspaces  are  wider  than  the  ribs.  Suture-line  unknown. 
3f  body-chamber  unknown  and  aperture  not  seen. 

laions: — 

Diameter  of  shell  62    mm. 

Width  of  umbiUcus •     24-   „ 

Height  of  outer  whorl  20      „ 

Thickness  of  outer  whorlf  24+  *» 

*  Too  lar&^e,  owing  to  distortion  of  specimen. 

t  Probably  too  small,  owing  to  crushed  condition  of  whorl. 

arks, — This  species  is  represented  by  only  one  example,  which 
s  of  the  greater  part  of  the  outer  whorl,  somewhat  damaged 
storted,  and  much  obscured  by  the  matrix  on  one  side.  The 
•border  is  not  preserved,  and  there  is  no  trace  of  the  suture- 

ett,  The  Cotteswold  HiUs,  1857,  p.  122,  pL  i.  fig.  2.     (The  suture-line 
ted  in  fig.  2a  does  not,  according  to  Mr.  S.  S.  Buckman,  belong  to  this 
Mr.  Buckman  gives  the  suture- line  of  Lycett's  figured  specimen  in  his 
.  Amm.  (Mon.  Pal.  Soc),  pt.  v.  1891,  pi.  xliv.  f.  9.) 
5.  Buckman,  Inf.  Ool.  Amm.  (Mon.  Pal.  Soc),  pt.  iv.  1890,  p.  188. 
is  protogsBi  Nautilos  et  Argonautos,  etc.,  figs.  39,  40. 
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The  specimen  from  Western  Australia  figured  by  Moore  as  Awl 
maerocephaluB  is  preserved  in  the  Bath  Maseom.  It  has  a  diameter 
of  81  mm.,  but  is  so  obscured  by  matrix  that  the  other  dimensions 
cannot  be  made  out,  except  perhaps  the  thickness,  which  at  the  right- 
hand  portion  of  the  specimen  as  represented  in  Moore's  figure  is 
81  mm.  The  very  pronounced  tubercle  on  the  whorls  gives  rise  to 
two  well-marked  ribs,  and  there  is  occasionally  an  intermediate  rib. 
From  the  characters  of  the  fossil,  so  far  as  they  can  be  made  oat, 
the  specimen  would  seem  to  be  referable  to  the  present  species. 

Affinities  and  differences,  —  Although  resembling  Ammomtei 
(Spharoceras^)  Woodwardi,  the  present  species  differs  in  having 
a  rather  finer  sculpture,  less  prominent  primary  (umbilical)  libs, 
and  a  somewhat  larger  umbilicus. 

Unfortunately  the  suture-line  of  the  Australian  form  is  not  avail- 
able for  comparison  with  other  well-known  species ;  but  the  present 
species  is  evidently  closely  allied  to  ^^Ammonitea*'  BraikenridgU,J, 
Sowerby  (Min.  Con.  vol.  ii.  p.  187,  pi.  olxxxiv.).  An  example  of 
this  species  from  the  Inferior  Oolite  of  Sherborne,  Dorset  (Brit 
Mus.  No.  98239),  in  its  external  characters,  agrees  remarkably 
well  with  the  Australian  fossil.  It  has  the  following  dimensions : 
diameter  of  shell,  57  mm. ;  width  of  umbilicus,  26  mm. ;  height  of 
outer  whorl,  17  mm. ;  thickness  of  outer  whorl,  22  mm. ;  with 
27  umbilical,  and  60  peripheral,  ribs  to  a  whorl.  The  present  species 
has  finer  ornaments  and  shorter  umbilical  ribs  than  d'Orbigny's 
figure  of  Amm.  Braikenridgii  (Pal.  Fran 9.  Terr.  Jur.  vol.  L  1842, 
pi.  oxxxv.  ff.  3,  4)  ;  and  coarser,  less  numerous  ribs,  much  shorter 
umbilical  ribs,  and  less  inflated  whorls  than  d'Orbigny's  -4mm. 
lingui/erus  (Pal.  Fran^.  Terr.  Jur.  vol.  i.  1842,  pi.  cxxxvi.)  ;  whilst 
the  presence  of  a  tubercle  at  the  point  of  bifurcation  of  each  umbilical 
rib  at  once  distinguishes  the  Australian  form  from  such  species  as 
Amm,  hipleXf  J.  Sowerby  (Miu.  Con.  vol.  iii.  p.  168,  pi.  ccxciii. 
ff.  1,  2). 

Locality, — Champion  Bay,  Western  Australia. 

Ammonites  {Stephanocera»)y  sp.     (PI.  XII.  Figs.  5a,  6.) 

Since  this  species  is  represented  merely  by  a  fragment  it  is  not 

possible  to  give  a  complete  diagnosis,  but  the  following  characters 

may  be  noted  : — 

Shell  (cast)  inflated ;  greatest  thickness  at  the  margin  of  the  umbilicus,  rm* 
bilicus  rather  wide.  Whorl  (at  the  base  of  the  body -chamber)  obtusely  cordate  or 
almost  lunate  in  section,  nearly  twice  as  wide  as  hijo^h  :  indented  to  about  one-fourtb 
of  its  height  by  the  preceding  whorl ;  perii>heiT  broadly  convex  and  continuous  with 
the  sides ;  inner  area  sloping  steeply  towards  the  umbilicus  and  forming  an  acute 
angle  with  the  convex  surface  of  the  shell.  Suture -line  imperfectly  known.  VHiorl 
ornamented  with  a  number  of  umbilical  transversely-c(»mpressed  tuljercles.  situated 
upon  the  prominent  margin  of  the  umbilicus ;  each  tubercle  giWng  rise  to  three  ribs 
which,  in  crossing  the  convex  surface  of  the  cast,  form  a  broad  shallow  sinus  havinir 
lis  concavity  directed  backward.  The  tubercles  are  not  continued  over  the  inner 
area  of  the  whorl. 

Remarks, — The  fragment  representing  this  species  is  a  natural 
cast  in  a  ferruginous  matrix  of  a  portion  of  the  body-chamber  and 
of  the   adjoining  chamber,  the  form  of  part  of  the  penultimate 
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am  being  seen  at  the  posterior  extremity  of  the  specimen.  One 
of  the  cast  is  fairly  well  preserved ;  the  other  is  much  crashed 
worn.  The  impressed  zone,  seen  on  the  inner  part  of  the  whorl, 
78  that  the  ribs  of  the  preceding  whorl  crossed  the  periphery 
tout  interruption.  That  the  umbilicus  was  wide  is  indicated  by 
direction  of  the  tuberculateei  margin  of  the  fragment;  this 
gin  has  five  tubercles  in  a  length  of  38  mm.  The  maximum 
th  of  the  specimen  along  the  periphery  is  80  mm.  and  its  radius 
urvature  is  67  mm.  Seventeen  transverse  ribs  can  be  counted 
he  periphery ;  the  interspaces  are  of  about  the  same  width  as  the 
The  chamber  adjoining  the  body -chamber  was  shallow,  but, 
bis  chamber  is  frequently  much  shallower  than  the  rest,  it  may 
represent  the  average  depth  of  the  chambers.  The  height  of 
whorl  is  33  mm.,  the  height  above  the  preceding  whorl  being 
am. ;  the  width  was  probably  about  60  mm. 
ffinities  and  differences.  — ^The  species  represented  by  this  fragment 
>ars  to  be  a  close  ally  of  Ammonites  8id)lcBvi8f  J.  Sowerby,^  from 
Oxford  Clay  and  Eellaway  Rock,  having  a  particularly  close 
Diblance  to  the  middle-aged  shell  of  this  species  from  the  British 
ovian.  But,  judging  from  the  fragment,  the  Australian  fossil 
a  larger  umbilicus  and  less  numerous  umbilical  tubercles,  and 
[st  in  Sowerby's  species  the  ribs  arise  usually  in  pairs  from  the 
;in  of  the  umbilicus,  in  the  Australian  specimen  each  umbilical 
role  gives  rise  to  three  ribs. 

he  whorls  of  Ammonites  coronatus,  as  figured  by  d'Orbigny,* 
)  a  much  coarser  ornamentation,  a  broader  and  flatter  external 
,  and  a  narrower  inner  area  than  the  Australian  form ;  whilst 
umites  Atherstoni,  Sharpe,^  from  South  Africa,  as  represented  by 
•ecimen  in  the  British  Museum  (No.  46534),  has  a  smaller 
ilicus,  smaller  umbilical  tubercles,  and  very  distinct,  forwardly- 
3ted  ribs  on  the  inner  area  of  the  whorls,  i,e,  on  the  sides  of 
umbilicus. 

mmonites  Schenki,  Oppel,^  from  the  Jurassic  of  the  Himalaya,  has 
laller  umbilicus,  much  more  prominent  umbilical  tubercles,  and 
numerous  peripheral  ribs. 

i  sculpture  the  Australian  form  resembles  Olcostephanus  latis' 
s,  Neumayr  and  Uhlig,*  but  it  is  a  less  tumid  shell,  and,  so  far 
m  be  ascertained,  has  a  different  suture-line,  its  suture-line  more 
ly  resembling  that  of  Ammonites  Sutherlandia,  J.  de  C.  Sowerby,' 
i  the  Calcareous  grit,  but  the  character  of  the  ornaments  at  once 
nguisbes  these  two  forms.  The  adult  of  the  latter  species  is 
)th,  and  the  ribs  on  the  inner  whorls  have  a  different  direction 
i  those  of  the  Australian  form. 
reality, — Champion  Bay,  Western  Australia. 

*  Min.  Con.  vol.  i.  p.  117,  pi.  liv. 

*  Pal.  Franc;.  Terr.  Jur.  vol.  i.  1842,  p.  465,  pi.  clxviii. 

3  Trans.  Geol.  Soc.  [2],  vol.  vii.  1847,  p.  196,  pi.  xxiii.  f.  1. 

*  Pal.  MittheU.  vol.  ii.  pi.  81,  ff.  4a-^. 

*  Palajontogr.  vol.  xxvii.  (1881),  p.  168,  pi.  xxviii. 

*  Min.  Con.  vol.  vi.  p.  121,  pi.  dlxiii. 

{To  be  continued.) 
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JL — NOTSS  ON  THK  PlEISTOOCNK  OF  THS  NoRTH-WB8T  TkBBITORIBS 

OF  Canada,  North- Wbst  and  Wkst  of  Hudson  Bat.^ 
By  J.  Burr  Ttrrbll,  M.A.,  B.Sc.,  F.G.S. 

IN  the  extreme  northernmost  part  of  Canada,  lying  between  Noith 
Latitudes  dG""  and  GS^"  and  West  Longitudes  SS""  and  112^  is  aa 
area  of  about  400,000  square  miles,  which  had  up  to  the  past  two 
years  remained  geologically  unexplored. 

In  1892  the  Director  of  the  Geological  Survey  of  Canada  sent  the 
writer  to  explore  the  country  north  of  Churchill  Kiver,  and  south- 
west of  Lake  Athabasca;  in  1893  the  exploration  was  oontinaed 
northward,  along  the  north  shore  of  Athabasca  Lake,  traTelling 
from  the  east  end  of  Lake  Athabasca  across  the  country  in  canoes  to 
the  west  end  of  Chesterfield  Inlet,  and  thence  continuing  in  canoes 
along  the  shores  of  Hudson  Bay  almost  to  Churchill,  from  whidi 
place  an  overland  journey  was  made  to  Winnipeg,  Manitoba. 

The  south-western  half  of  the  country  traversed  in  these  two 
summers  is  more  or  less  thickly  covered  with  coniferous  forest, 
while  the  north-eastern  half  is  devoid  of  trees,  and  is  generally 
covered  with  stunted  grasses  or  lichens. 

North  of  Churchill  Biver  the  country  is  underlain  by  red  and 
grey  Laurentian  granites  and  gneisses,  with  a  fairly  persistent  strike 
in  a  south-westerly  direction. 

South  of  Lake  Athabasca  and  Black  Eiver  these  Laurentian  rocki 
are  overlain  by  horizontal  red  sandstones  and  conglomerates,  occa- 
sionally cut  by  trap  dykes,  which  probably  represent  the  Kewenawan 
sandstones  of  Lake  Superior,  and  are  therefore  of  Cambrian  age, 
though  no  fossils  were  found  in  them.  Athabasca,  Black,  Wollaston, 
and  Cree  Lakes  lie  along  the  line  of  contact  of  these  sandstones  and 
the  underlying  Archaean  rocks. 

The  north  shore  of  Lake  Athabasca  is  composed  of  Laurentian 
gneiss,  and  Huronian  quartzite,  conglomerates,  and  schists,  which 
in  one  place  were  found  to  be  associated  with  a  large  deposit  of 
hasmatite.  The  country  crossed  from  Lake  Athabasca  to  Doobaunt 
Lake  is  underlain  by  Laurentian  gneiss,  which,  however,  is  often 
hidden  by  extensive  deposits  of  Boulder-clay. 

In  one  locality  a  small  outline  of  unaltered  fossiliferous  Ordovician 
limestone  was  found,  very  similar  in  character  to  the  white  limestone 
of  the  Winnipeg  Basin. 

On  Doobaunt  Lake  the  Kewenawan  sandstones  and  conglomerates 
were  again  discovered,  and  the  country  lying  between  this  lake  and 
the  head  of  Chesterfield  Inlet  was  found  to  be  largely  underlain  by 
these  rocks.  The  north  side  of  Chesterfield  Inlet  is  generally  red 
and  grey  Laurentian  gneiss,  while  the  greater  part  of  the  shore  of 
Hudson  Bay  for  150  miles  south  of  the  Inlet  is  composed  of  green 
Huronian  schists  cut  by  many  quartz  veins,  and  sprinkled  through 
with  particles  of  copper  pyrites. 

The  whole  of  this  region  shows  abundant  evidence  of  having 
been  comparatively  recently  covered  with  a  mantle  of  ice,  and  even 

1  Published  by  permission  of  the  Director  of  the  Geological  Surrey  of  Canada. 
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to  the  present  time  Doobaunt  Lake,  the  largest  of  the  many  hitherto 
unexplored  lakes  through  whioh  we  passed,  lying  in  North  Latitude 
63^  and  West  Longitude  102^,  and  with  an  elevation  of  about  500 
feet  above  the  sea,  seems  to  be  always  more  or  less  completely 
covered  with  ice,  for  during  the  ten  days  whioh  we  spent  on  it— 
from  August  7th  to  August  17th — we  were  obliged  to  travel  in  a 
narrow  lane  of  water  between  the  solid  ice  covering  the  main  body 
of  the  lake  and  the  shore,  and  in  two  places  this  channel  was  blocked 
by  the  ice  resting  against  the  beach. 

Li  general  physical  features  the  '< Barren  Lands"  often  closely 
resemble  the  great  plains  west  of  Manitoba  along  the  line  of  the 
Canadian  Pacific  Ballway,  being  undulating  grass-covered  country, 
underlain  by  Till  more  or  less  thickly  studded  with  boulders ;  but  a 
hard  granite  knoll  projecting  here  and  there  serves  to  remind  one 
that  the  Till  is  not  here  resting  on  soft  cretaceous  shales  and  sand- 
stones, and  at  once  accounts  for  the  much  greater  abundance  of 
boulders. 

In  some  places  the  surface  is  composed  entirely  of  large  sub- 
angular  boulders,  without  any  matrix  of  sand  or  clay,  while  the 
shores  of  Chesterfield  Inlet,  and  part  of  the  north-west  coast  of 
Hudson  Bay,  are  bold  and  rocky. 

A  particularly  noticeable  feature  of  the  **  Barren  Lands ''  is  the 
absence  of  valleys  for  the  rivers.  The  Telzoa  River,  probably  the 
largest  stream  in  all  that  country,  is,  through  the  greater  part  of  its 
course  from  Daly  Lake  to  the  head  of  Chesterfield  Inlet,  merely  a 
succession  of  lakes  of  larger  or  smaller  size,  lying  in  original 
depressions  in  the  Till  or  rock,  connected  by  stretches  of  rapid 
water  flowing  in  one  or  more  shallow,  tortuous,  and  often  ill-defined 
channels  frequently  choked  with  boulders.  Although  the  long 
winter  and  the  ever-frozen  ground  would  prevent  very  rapid  erosion, 
it  is  evident  that  this  river  has  been  but  a  short  time  cutting  out 
its  channel. 

Throughout  the  whole  region  the  rock  has  everywhere  been 
strongly  glaciated,  leaving  the  exposed  portions  rounded  and  often 
polished  and  striated.  Most  of  the  prominent  knolls  show  clearly 
the  direction  of  glaciation  by  the  rounded  stoss  and  broken  lee 
sides,  but  in  cases  where  two  or  three  different  glaciers  have  scored 
records  on  the  small  rocky  knolls,  all  sides  may  be  well  smoothed, 
rounded,  and  scored. 

The  accompanying  map  shows  the  general  directions  in  which 
the  glacial  grooves  and  striae  are  trending,  deduced  from  several 
hundred  observations.  As  is  there  shown,  the  direction  of  glacial 
movement  on  the  upper  Churchill  River  is  south  or  a  little  west  of 
south,  or  parallel  to  the  long  axis  of  the  lake;  on  Chipman  River 
and  the  head  of  Telzoa  River  south-west;  on  Doobaunt  Lake  and  the 
river  in  its  vicinity  west.  Some  of  these  last  striations  are  crossed 
by  an  earlier  set  of  striss  coming  from  the  north. 

On  Telzoa  River,  between  Doobaunt  and  Baker  Lakes,  the 
direction  of  striation  is  north-westward,  the  course  being  clearly 
shown    by   the  stoss  and   lee  surfaces,   boulder  trains,   and    the 
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oresoentio  oroaB-fraotarea  in  the  groovea.  At  the  weet  end  of  Bakn 
Lake  the  north- westerly  atriatioa  is  oroaaed  by  what  appears  to  be 
a  local  gtaciation  from  the  north,  but  thia  aoathward  moving  glacier 
soon  obliterated  all  traces  of  the  north-weaterly  one,  and  then  tiie 
trend  of  the  glaciatioa  is  found  to  be  down  Chesterfield  Inlet,  which 


'-J 


i 

\ 

s 

« 

cCis\  )A^:' 

'il\ 

^^ 

\\ 

\-: 

!  jT 

Ui 

r* 

n^ 

'K     (. 

'J 

V.~. 

*^ 

VN^ 

K 

Y 

^       M 

\      V 

■^o 

t"' 

rXl 

-Jl 

r 

4 

---^fccf^^iMr^ 

J 

/  w\\\ — ~~A^  ■'- 

•s 


ia  a  rocky  fiord  with  a  depth  varying  from  twenty-five  to  forty 
fatboms.  The  north-west  coast  of  Hudson  Bay,  for  150  miles  Bouth 
of  Chesterfield  Inlet,  is  bold  and  rocky,  and  the  hard  HuroDian 
rocks  of  which  it  is  chiefly  composed  everywhere  show  well-definod 
glacial  markingB  which  have  a  general  direction  about  S.  50°  E.  or 
directly  out  into  the  bay.     Near  the  month  of  Egg  Biver  a  bott  of 


in  the  North-  West  Territories  of  Canada.  397 

irse  red  granite  on  the  shore  is  polished  and  scored  with  glaoial 
irkings  trending  southward.  At  Fort  Churchill  the  low  granite 
oils,  and  the  high  bare  roanded  hills  of  green  feldspathic  quartzite, 
)  scored  by  three  sets  of  strisB,  the  two  most  recent  of  which  are 
ry  distinct,  while  the  earliest,  wherever  seen,  is  rather  obscare. 
lis  latter  trends  N.  80°  E.  (or  S.  70°  W.  ?),  and  is  not  improbably 
»rely  an  early  variation  of  the  next,  which  trends  N.  55°  E.  This 
.  of  grooves  and  striss  is  very  strongly  marked  on  all  the  southern 
d  south-western  slopes,  against  which  the  glacier  pressed  heavily 

its  way  down  the  valley  of  the  Churchill  River  to  Hudson  Bay, 
t  the  eastern  sides  of  the  hills  show  comparatively  few  traces  of 
s  glaciation. 
Crescentric  cross-fractures  are  common  in  the  grooves,  and  these 

lie  with  their  concave  sides  towards  the  north-east,  or  towards 
)  point  of  the  compass  to  which  the  glacier  moved.  The  most 
sent  set  of  striaa  is  found  on  the  summits  and  northern  sides  of 
)  hills,  and  points  southward,  the  strisd  being  found  to  vary  from 
5°  W.  to  S.  10°  E. 

From  the  above  record  of  strisd  it  will  be  seen  that  one  of  the 
)at  gathering  grounds  for  the  snow  of  the  Glacial  period  in  North 
aerica  was  a  oomparaHvely  short  distance  west  of  the  northern 
rtion  of  Hudson  Bay,  and  from  that  centre  or  gathering  ground 
)  ice  flowed  not  only  towards  the  Arctic  Ocean  and  Hudson  Bay, 
t  it  extended  a  long  distance  westward  towards  the  Mackenzie 
ver,  and  southward  towards  the  great  plains,  while  Hudson  Bay 
\s  probably  then  to  a  great  extent  open  water.  From  it  the 
>i8ture  would  be  derived  which  fell  as  snow  near  its  western  shore. 
The  older  geology  of  the  country  is  known  over  such  a  small 
rtion  of  the  total  area  that  it  is  impossible  to  draw  any  definite 
iclusions  from  the  direction  of  transportation  of  boulders ;  but 

the  west  shore  of  Hudson  Bay  the  boulders  were  such  as  would 

derived  from  the  Laurentian,  Huronian,  and  Kewenawan  rocks 
the  west,  and  there  were  no  signs  of  the  limestones,  eta,  from 
)  islands  in  the  Arctic  Ocean  or  Hudson  Bay.  On  the  Telzoa 
ver  the  boulders  showed  no  evidence  of  having  been  derived  from 
3  west  coast  of  Hudson  Bay. 

Drumlins  or  ridges  of  Till  are  almost  everywhere  found  in  the 
IS  rocky  areas.  Eskers  are  also  common,  either  rising  in  high 
rrow  elongated  hills,  or  running  as  long  sandy  ridges,  keeping 
3ir  courses,  which  are  parallel  to  the  glacial  strisd,  over  hills  and 
rough  valleys  and  lakes  quite  regardless  of  the  surface  contour  of 
3  country.  In  the  more  southern  districts  these  are  wooded  with 
ge  white  spruce,  which  rise  conspicuously  above  the  stunted  black 
ruce  on  the  surrounding  low  land. 

After  the  ice  receded  from  the  lower  country  the  land  was  about 
0  feet  below  its  present  level.  On  the  lower  side  of  a  long 
rtage  a  short  distance  below  Doobaunt  Lake  the  first  well-defined 
sed  beach  and  terrace  was  seen,  and  from  that  point  all  the  way 
wn  the  river  to  Hudson  Bay  old  strand  lines  could  be  seen  on  the 
les  of  all  the  prominent  hills. 
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A  white  quartzite  hill  on  the  east  side  of  Wharton  Lake  has  time 
distinct  jp-avel  terraoes  or  shore-lines  on  its  southern  side  at  heigiitt 
of  60,  105,  and  130  feet  above  the  water.  At  the  east  end  of 
Aberdeen  Lake  scarps,  gravel,  terraoes,  and  ridges  extend  up  the 
side  of  some  hills  of  Eewenawan  oonglomerate  to  the  height  of 
290  feet,  the  total  series  here  having  the  following  heights  in  feet 
above  the  water  in  the  lake :  290,  220,  180,  150,  105,  90,  and  60. 
On  the  side  of  a  quartzite  hill  at  the  east  end  of  Sohultz  is  a  well- 
marked  gravel  beach  which  the  aneroid  showed  to  have  a  height  of 
260  feet  above  that  lake,  probably  the  same  as  the  220  feet  beach  on 
Aberdeen  Lake. 

Similar  raised  beaches  are  found  in  favourable  localities  all  along 
the  shore  of  Hudson  Bay. 

These  beaches  indicate  a  gradual,  though  probably  intermittent, 
rise  of  the  land  towards,  or  after  the  dose  of,  the  Glacial  period ; 
and  some,  even  among  the  oldest  of  them,  look  as  new  as  if  they 
had  been  formed  but  yesterday,  but  it  would  seem  that  at  Fort 
Churchill,  and  probably  along  the  rest  of  the  coast,  the  land  and 
sea  have  reached  conditions  of  oomparative  equilibrium.  Some 
evidence  on  this  point  was  collected  near  Fort  Churchill,  and  espe- 
cially at  Sloop's  Cove,  a  little  bay  on  the  north  side  of  the  river, 
where  the  ships  of  the  Hudson  Bay  Company  used  occasionally  to 
winter  about  the  middle  of  last  century.  This  spot  was  visited  on 
the  29th  of  October  and  the  2nd  of  November  of  last  year.  The 
ioe  was  in  it  then  up  to  the  level  of  an  average  spring  tide,  whioh 
had  occurred  two  days  before  our  first  visit. 

The  cove  is  forty  paces  wide  and  one  hundred  paces  long,  and  on 
each  side  are  smooth  well -glaciated  bills  of  green  quartzite  rising 
to  about  25  feet  above  the  ice.  At  the  back  is  a  grass-covered 
bar  of  sand  and  gravel,  joining  the  two  disconnected  hills  of  rock, 
and  separating  the  cove  from  a  wide  flat  that  is  flooded  at  spring- 
tide. The  height  of  the  summit  of  this  beach  was  seven  feet  and  a 
half  above  the  level  of  the  ice,  or  about  the  level  of  extreme  extra- 
ordinary  high  tides.  On  the  smooth  glaciated  surface  of  the  rock 
many  names  and  dates  have  been  cut,  some  of  which  are  given  below, 
with  their  heights  above  the  level  of  the  ice : — 

Furnace  and  Discovery,  1741      3  ft.  3  in. 

J.  Horaer,  1746 6  jft. 

James  Walker,  May  26th,  1763       7  ft. 

Guilford  Long,  May  27th,  1753       7  ft. 

and  many  others. 

The  "  Furnace  "  and  "  Discovery,"  two  small  ships  sent  to  discover 
a  North-west  passage,  spent  the  winter  of  1741-42  in  Sloop's  Cove, 
and  left  for  the  north  as  soon  as  the  ice  broke  up  in  the  spring  of 
the  latter  year.  Probably  the  names  were  cut  in  the  almost  vertical 
lace  of  the  rock  by  some  one  of  the  crew  on  whose  hands  the  long 
days  of  waiting  in  winter  hung  very  heavily.  They  are  almost  as 
high  as  a  man  would  naturally  reach  if  he  were  seated  on  a  box  or 
keg  on  the  ice  at  the  foot  of  the  rock.  The  dates  May  2oth  and 
May  27th  opposite  the  ncunes  of  James  Walker  and  Guilford  Long 
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oold  show  that  these  names  were  ont  when  the  ioe  was  still  solid 
i  the  cove,  for  the  ioe  does  not  break  up  in  the  river  at  Churchill 
ntil  the  middle  of  June.  These  names  were  apparently  ont  by 
len  standing  on  the  ioe  when  it  was  about  two  feet  higher  than  it 
'as  last  November,  or  when  it  was  covered  with  two  feet  of  snow. 
ine  large  iron  rings  had  been  set  in  the  rock  at  heights  varying 
'om  two  feet  and  a  half  to  seven  feet  above  the  ice,  just  where  they 
'ould  be  convenient  to  tie  a  small  ship  to  at  present,  for  the  cove 
)uld  not  be  entered,  except  at  high  tide.  One  other  ring  is  fifteen 
)et  above  the  ioe. 

All  these  signs  of  the  winter  occupation  of  this  cove  a  century 
id  a  half  ago  are  such  as  might  be  made  at  the  present  time,  and 
re  quite  inconsistent  with  the  theory  that  the  rise  of  the  land  which 
)ok  place  in  post-Glacial  times  is  still  going  on  at  a  comparatively 
ipid  rate. 

[I. — On  some  Lifc  Zones  in  the  Loweb  Pal2bozoio  Rocks  of 
THE  British  Abeas,  as  defined  mainly  bt  Beseabohes  during 
THE  Past  80  Yeabs. 

By  HsNBT  Hicks,  M.D.,  P.R.8.,  P.G.8. 

{Continued  from  the  August  Numbeff  page  371.) 

Lower  Cambrian, 

aP  to  the  year  1867  the  only  traces  of  organisms  that  had  been 
found  in  the  beds  then  classed  as  Cambrian  by  the  Greological 
lurvey  (now  Lower  and  part  of  Middle  Cambrian  of  most  authors) 
7ere  tracks  and  burrows  of  Annelids ;  and  the  doubtful  Tiilobite 
^cUaopyge  found  by  Mr.  Salter  in  the  Longmynd  rocks  of  Shropshire.^ 
n  "  Siluria,"  fourth  edition,  1867,  p.  30,  Sir  R.  Murchison  refers  to 
hem  as  follows :  '*  These,  then,  are  the  only  signs  of  former  life  we 
lave  yet  become  acquainted  with  after  the  most  assiduous  researches 
n  the  Cambrian  deposits  of  such  vast  dimensions,  which  are  often, 
repeat,  less  altered  than  much  younger  rocks  replete  with  organic 
emains  " ;  but,  in  the  Appendix,  p.  550,  he  says,  **  At  the  meeting 
»f  the  Geological  Society  on  Jane  19th,  1867,  Mr.  J.  W.  Salter  read 
in  account  of  the  discovery  of  a  minute  lAngulella  in  the  red 
Cambrian  rocks  of  St.  David's,  which  there  underlies  the  '  primordial 
Hlurian '  {mihi).  According  to  my  view  (and  I  am  entitled  to  judge 
>y  acquaintance  with  both  districts)  the  rock  in  which  the  fossil 
NBA  found  may  be  paralleled  in  age  with  the  uppermost  or  red 
)ortion  of  my  original  ^  Cambrian '  of  the  Longmynd."  This  fossil 
vas  found  by  me  in  the  red  beds,  below  the  Paradoxides  aurora 
K>ne,  which  were  then  supposed  to  mark  the  Lower  boundary 
»f  the  Menevian  Group,  and  in  the  paper  communicated  to  the 
jeological  Society,  in  which  the  account  of  its  discovery  is  given, 
jre  the  following  remarks  by  Mr.  Salter:'  ^'Fossils  in  the  red 
)ambrian  rocks  are  so  rare,  that  no  apology  seems  due  for  in- 
roducing   a  single  small    specimen,   lately  gathered,   after  great 

1  Quart.  Journ.  Oeol.  Soc.  vol.  zii.  (1856),  and  vol.  xiv.  p.  199. 
a  Ibid.  vol.  xiiii.  p.  339. 
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research,  by  one  of  the  authors  of  this  paper.  The  search  has  been 
systematically  pursued  since  1862,  when  the  first  fossil  of  the 
Menevian  Group  was  described  by  Mr.  Salter  from  this  neighbour- 
hood ;  and  the  labour  has  chiefly  fallen  upon  Mr.  Hioks,  who  resides 
at  St.  David's.  He  has,  literally,  not  left  a  stone  untamed  to  find 
the  true  place  of  Oldhamia^  and,  if  possible,  of  the  mythical  PaUtopnge 
in  these  old  red  rocks.  He  has  been  rewarded,  during  the  aearoh, 
by  many  additions  to  the  Menevian  fossils,  found  at  Bucoessively 
lower  and  lower  horizons  in  the  grey  rocks  which  form  the  passsge 
from  the  Lower  to  the  Upper  Cambrians.  But,  until  quite  lately, 
not  a  vestige  had  occurred  to  him  in  the  actual  red  rocks  them- 
selves." I  give  these  quotations  as  they  clearly  state  what  wu 
then  known  in  regard  to  the  evidences  of  life  in  the  so-called 
unaltered  Cambrians  as  marked  then  and  now  on  the  G^logical 
Survey  Maps.  The  boundary  line  it  appears  was  first  adopted  bj 
Sir  A.  Ramsay  when  mapping  the  rocks  in  Pembrokeshire ;  for  in 
the  Geological  Survey  Memoirs,  vol.  iii.,  he  says:  "In  1841  the 
Geological  Survey  began  to  map  the  Silurian  rocks  at  Haverfordwest, 
in  Pembrokeshire,  and  Sir  Henry  de  la  Beche  was  unable  in  that 
neighbourhood  to  detect  any  base  for  the  Silurian  strata.  In  the 
same  year,  at  St  David's,  1  traced  a  provisional  line  between  the 
black  and  the  purple  slates,  and  this  was  afterwards  adopted  ai 
the  line  between  the  Silurian  and  Cambrian  strata."  It  was  well 
known  that  the  Cambrian  as  so  defined  contained  in  Pembrokeshin 
a  great  thickness  of  strata,  with  somewhat  marked  lithologicil 
characters ;  therefore  it  was  but  natural  when  the  equivalent  rocb 
in  Merioaetbshire  and  Carnarvonshire  were  mapped  in  1846  and 
1848  that  the  Surveyors  adopted  the  same  name  for  these  deposits, 
as  "  strati  graphically  they  occupy  the  same  position,  and  litho- 
logically  they  resemble  each  other."  * 

After  the  Lingulella  was  found  by  me  in  the  red  rocks,  in  1867, 
I  determined  to  search  the  underlying  rocks  systematically,  and 
with  much  care,  in  the  hope  of  finding  still  lower  zones  of  fossils; 
and  in  the  following  year,  1868,  I  was  able  to  announce  at  the 
meeting  of  the  British  Association  that  1  had  discovered  several 
zones  of  fossils  in  the  Cambrian,  the  lowest  being  1200  feet  below 
the  red  beds  in  which  the  previously  described  Lingulella  had  been 
found.  The  fossils,  it  was  stated,  occur  usually  at  intervals  in  the 
strata ;  "  scores,  and  sometimes  hundreds,  of  feet  of  strata  apparently 
intervening "  between  each  zone.  It  was  on  this  occasion  also 
that  I  proposed  that  the  "  Menevian  Group  "  should  henceforth  be 
included  in  Prof.  Sedgwick's  "  Lower  Cambrian  **  (the  Cambrian 
of  the  Survey),  owing  to  the  much  greater  likeness  between  the 
fauna  of  the  Menevian  Group  and  the  newly  discovered  fauna  of 
the  underlying  beds,  than  between  that  of  the  former  and  the  over- 
lying Lingula  Flags.  The  fossils  found  in  these  beds  were  sub- 
sequently described  by  me  in  the  Quart.  Journ.  Geol.  Soc.  for  187P; 

'  Survey  Memoirs,  vol.  iii.  second  edition,  p.  8. 

*  ''Descriptions  of  New  Species  of  Fossils  from  the  Longmynd  Rocks  of  St. 
David's." 
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1  for  many  years  afterwards  they  remained  the  only  organisms 
3wn  in  the  Lower  Cambrian  rocks  of  Britain, 
[n  the  year  1881  1  decided  to  divide  the  Lower  Cambrian  into 
ee  groups  *  under  the  names  from  below  upwards  of  Caerfai,  Solva, 
)nevian.  1  pointed  out  that  it  had  a  "  natural  base  made  up  of 
ssive  conglomerates  and  sandstones,'*  and  that  "its  upper  boundary 
^ell  defined  by  an  important  palaBontologioal  break,"  and  that  it  is 
1  early  divisible  at  St.  David's,  where  it  has  chieiy  been  explored 
late  years  into  three  groups." 

In  speaking  of  the  Caerfai  Group  I  said  that  *'  beds  of  the  same  age 
)  also  found  in  the  Harlech  Mountains.  The  great  slate  quarries 
Llanberis,  Bethesda,  and  other  places  in  Carnarvonshire  are  also 

this  horizon.  Though  the  basal  beds  are  not  exposed  in  the 
ngmynd  area,  it  is  probable  also  that  some  belonging  to  this 
)up  occur  there.  There  is  a  strong  general  resemblance  between 
)  beds  of  this  group  in  each  of  the  areas,  but  as  they  were  at 
st  shore  deposits  around  a  subsiding  land-area,  some  differences  in 
pearance  and  in  thickness  must  necessarily  occur." 
In  the  year  1887  Dr.  Woodward'  described  a  Conocoryphe  (C. 
/a),  specimens  of  which  had  been  found  in  the  Upper  Green 
ites  of  the  Penrhyn  Quarries  by  Prof  Dobbie,  and  Messrs.  B.  E. 
nes  and  R.  Lloyd  (two  quarrymen  employed  in  the  Penrhyn 
larry,  Bethesda,  Carnarvonshire).  This  very  important  discovery 
fossils  in  the  undoubted  Cambrian  of  the  Geological  Survey  in 
)rth  Wales,  was  hailed  with  delight  by  those  who  had  been 
>rking  in  the  Cambrian  rocks  in  other  areas,  and  it  was  hoped 
at  additional  fossils  which  would  enable  the  horizon  to  be  definitely 
:ed  would  soon  be  discovered.  Up  to  the  present,  however,  only 
e  or  two  additional  forms  have  been  found  in  the  quarry,  and  the 
rizon  has  mainly  to  be  fixed  by  stratigraphical  evidence.  The 
mocoryphe  is  undoubtedly  of  the  type  restricted  to  zones  low  down 

the  Cambrian ;  and,  in  my  opinion,  until  further  evidence  is 
tained,  it  may  fairly  be  placed  at  as  low  an  horizon  as  the  base 

the  Solva  Group  of  St.  David's. 
The  stratigraphical  sequence  here,  I  described  briefly  as  follows 

the  Report  of  an  Excursion  of  the  Geologists'  Association  to 
3nrhyn  Slate  Quarry  and  Nant  Ffrancon  in  1883  (vol.  viii.  No.  4) : — 
[n  traversing  this  section  from  west  to  east,  along  the  sides  of 
ant  Ffrancon,  the  following  general  order  of  the  rocks  seemed 
lerably  clear: — 

1.  The  purple  and  green  slates  of  the  quarry  (Llanberis). 

2.  A  thick  series  of  grits  and  flaggy  sandstones  (Harlech). 

3.  Dark  flaggy  beds  (Menevian). 

4.  Flags  and  sandstones  with  Cruziana  (Lingula  flags). 

5.  Dark  flags  (Tremadoc?). 

6.  Black  slates  and  flags  with  pisolitio  iron  ore  and  grit  at  base 
Vrenig). 

*  "  The  Classification  of  the  Eozoic  and  liower  Palaeozoic  Rocks  of  the  British 
Iw,"  Popular  Science  Review,  1881,  and  Proc.  Guol.  Assoc,  vol.  viii.  No.  5,  1881. 

*  Q.J.G.S.,  vol.  iliv.  p.  74. 

DBCADB   IV. — VOL.    I. — ^NO.   IX.  *l& 
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In  1888,  after  another  visit,  Mr.  J.  Evans,  F.G.S.,  a  former 
Manager  of  the  Penrhyn  Slate  Quarry,  kindly  furnisbed  me  with 
a  careful  statement  of  the  succession  made  out  in  the  tunnels,  and 
in  working  the  quarry,  and  the  following  table  is  mainly  compiled 
from  the  details  supplied  to  me  by  him.  By  its  side  I  plaoe  ak) 
a  detailed  statement  of  the  succession  at  St.  David's : — 


Xont  Ffrancon,  and  Penrhjii  Slate 
Quarry,  Camarvonshire. 

14  Dark  slates  and  flags   (Mene- 
vian?). 

13  Grits    and    sandstones    (Bron- 
Uwyd). 

12  Green  slates. 

{Conocoryphe  viola ^  etc.) 

1 1  Purple  slates. 

10  Purplish  blue  slates. 

9  Hara  grits. 

8  Purplish  blue  slates. 

7  Grits. 

6  Red  slates. 

6  Purplish  blue  stripy  slate. 
4  Dyke  (basic  rock). 


3  Green  hard  slates. 


St.  Darid's,  Pembrokeihixe. 


14  Dark  flags  and   black    slatei 

(Menerian) 750 

{ParadoxideSy  etc.) 
13  Grey,  purple,  red,  and  greenish 

sandstones,  flags,  and  slates.  1800 
{Paradaxides,  etc.) 
12  Grits,  sandstones,  and  greenish 

flags 160 

{Piut&nia,  Paradoxideu  Hark' 
nessiiy  Conocoryphe  Lyeliii^ 
Mierarditeut,  etc.) 


0 

K 

10 

< 

0 


large 


7-11  Bed  and  purple  landstones, 

flags,  ana  slates   ....  1000 

6  Bed  slates  and  flags   ....      50 
{OlengUut  fauna.) 

5  Purplish  flag^  sandstones   .     .      20 

4  Dykes  of  basic  rocks  cut  across 
the  Lower  Cambrian  rocks 
at  this  and  at  various  other 
horizons 

3  Grecuish  flaggy  sandstones   .     .    440 
{OUneUus  fauna.) 

2  Conglomerates 60-150 

(Many  very  large  pebbles.) 

1  Pre-(^'ainbrian  rocks    .... 
(Granite,    felstones,    Tolcanic 
ash,  etc.,  etc.) 


0( 

0 

0 

< 

it 
± 

< 
'J 


2  Conglomerates       (with 
pebbles). 

1  Pre- Cambrian  rocks  (felstones, 

etc.) 
As  there  are  several  faults  in  the 
quarry  between  No8.  3  and  10,  it 
is  quite  possible  that  some  of  the 
beds  have  been  repeated. 

It  will  he  seen  that  there  is  a  general  resemblance  in  the 
succession  in  the  two  areas.  At  first,  as  the  sea  encroached  on  the 
pre-Canibrian  land,  the  deposits  would  accumulate  mainly  in  minor 
troughs  separated  by  the  higher  plateaux  and  mountain  ridges,  and 
important  differences  in  the  thicknesses  of  the  lowest  Cambrian  strata 
would  necessarily  occur  even  within  limited  areas.  As  depression 
went  on  oceanic  conditions  would  prevail,  and  the  sediments  wouM 
become  more  alike  over  extensive  areas.  In  a  paper  which  I 
published  in  1875,^  I  endeavoured  to  show  the  direction  of  encroach- 
ments of  the  sea,  and  of  the  migrations  of  the  lowest  Palseozoic 
faunas  over  the  European  areas,  and  in  1876^  I  entered  more  fully 
into  this  question  in  a  discussion  of  the  deposits  as  then  known  ia 

'  Quart.  Joum.  Geol.  Soc.  vol.  xxxi.  p.  552. 

2  *'  Some  Considerations  on  the  Probable  Conflitions  under  which  the  Paljeofoic 
Rocks  were  Deposited  over  the  Northern  Hemisphere. "     Geol.  Mao.  Dec.  H 
Vol.  III.  (April,  May,  and  June,  1870). 
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le  Northern  Hemisphere.  In  this  paper,  page  157,  I  stated  that 
on  both  sides  of  the  Atlantic  they  (the  pre-Cambrian  rocks)  are  to 
3  seen  at  various  places  from  the  latitude  of  30^  to  the  Arctic 
igions,  and  it  seems  reasonable  to  suppose  that  these  portions 
idicato  parts  only  of  what  were  probably  two  great  continents 
^tending  over  these  areas,  separated  from  one  another  by  an 
iter  mediate  ocean,  narrower  considerably  than  the  present  Atlantic, 
Lit  still  occupying  part  of  that  basin.  When  these  continents 
)mmenced  to  subside,  the  parts  facing  the  Atlantic  were  the  first 
►  become  submerged."  ^ 

The  great  thicknesses  found  in  some  areas  show  that  there  must 
Eive  been  much  loose  material  on  the  pre-Cambrian  land  ready  to 
3  washed  off  as  each  part  became  depressed,  and  an  examination  of 
le  sediments  shows  very  clearly  that  much  of  the  material  came 
om  the  volcanio  rocks  and  cones  of  the  pre-Cambrian  period.' 
ngular  fragments  of  volcanic  rocks  occur  so  frequently,  mixed  up 
ith  other  sediments  in  the  Lower  Cambrian  rocks,  that  it  seems 
lear  that  such  loose  materials  remained  on  the  higher  ridges  and 
lateaux  after  adjoining  areas  had  been  depressed  to  a  considerable 
epth  ;  and  the  incoming  of  these  materials  along  with  other  rough 
)diment8,  usually  at  fairly  definite  horizons,  mark  frequently  the 
srtical  limits  of  certain  organisms  in  these  areas. 

At  the  meeting  of  the  International  Geological  Congress  in  London 
I  1888,  Mr.  C.  Walcott,  of  the  United  States  Geological  Survey, 
lade  the  very  important  announcement  that  he  had  recently  dis- 
3vered  in  a  very  complete  section  of  the  Cambrian  rocks  at  Manuel's 
Irook,  Newfoundland,  that  the  Olenellua  fauna  occurred  below  the 
^aradoxides  fauna,  and  not  above,  as  had  up  to  that  time  been 
iipposed  to  be  the  case  in  America.  In  Sweden  and  in  some  other 
reas  in  the  N.  of  Europe  it  had  been  previously  shown  by  Doctors 
linnarsson,  Brogger,  Holm,  and  Schmidt  that  the  Olenellus  fauna 
^as  the  oldest ;  but  until  Mr.  Walcott  showed  that  the  order  of 
jccession  was  similar  in  America,  it  had  not  been  taken  as  of 
eneral  application.  Mr.  Walcott  now  proposed  also  that  the 
Cambrian  should  be  divided  into  three  parts,  viz.  the  Lower, 
baracterized  by  the  Olenellua,  the  Middle  by  the  Faradoxides,  and 
le  Upper  by  the  Olenus  fauna,  and  this  classification  has  since 
een  very  generally  adopted.  Previously  in  Wales  we  had  divided 
le  Cambrian  into  two  main  parts,  viz.  a  Lower  containing  the 
^aradoxides  and  earlier  faunas,  and  an  Upper  the    Olenus  fauna. 

had,  however,  as  already  shown,  subdivided  in  1881  the  then 
lower  Cambrian  into  three  groups,  viz.  Caerfai,  Solva,  and  Menevian ; 
ad  in  the  year  1892  ^  I  was  able  to  show  that  the  Olenellus  fauna  at 
t  David's  was  confined  to  the  Caerfai  Group.    Here  the  Paradoxides 

*  Mr.  C.  Walcott  has  recently  worked  out  with  much  care  the  e\*idences  of  the 
irlv  conditions  prevailing  durinpf  the  same  periods  on  the  American  continent 
*llie  Fauna  of  the  Lower  Camhrian  or  Olenellus  Zone,''  1890,  and  *' Bulletin  of 
le  United  States  Geological  Survey,"  No.  81,  1891). 

'  See  **  Pre-Cambrian  Volcanoes  and  Glaciers,"  Geol.  Mag.  Dec.  II.  Vol.  VII. 
i^ovember,  1880). 

»  Geol.  Mao.  Dec.  III.  Vol.  IX.  p.  22. 
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fauna  exteiuls  through  a  great  thickness  of  strata,  as  I  shall  he  able 
to  show  when  I  refer  more  particularly  to  the  Middle  OambriaiL 
Almost  immediately  after  Mr.  Walcott's  announoeinent  was  made, 
Prof.  0.  Lapworth  published  a  highly  interesting  acoonnt  of  the 
diboovery  by  him  in  Shropshire  of  the  Olenellus  fauna,  and  he  there 
Ktiites  that  **the  presence  of  traces  of  the  Olenellus  faana  in  the 
West  of  England  **  was  known  to  him  for  some  time,  the  first 
recognisable  fragments  having  been  detected  by  him  *'on  the 
flanks  of  Caer  Caradoc  in  1885,  but  they  were  too  imperfect  for 
description."  Better  material  had  by  this  time  been  obtained,  and 
he  was  now  able  to  give  the  provisional  name  of  Olenellus  Callatei 
to  one  of  the  forms,  and  to  add  several  other  fossils  known  to  be 
characteristic  of  the  OleneUtis  zone.  He  further  says  ^  that  "  this 
Lower  Cambrian  or  Olenellus  formation  of  the  Shropshire  aree 
consists  ot  two  main  members,  viz.  the  basal  quartzite  of  Lawrence 
Hill  and  Caer  Caradoc,  and  an  overlying  green  sandstone,  the 
Coniley  Sandstone  (Holly bush  Sandstone  of  Dr.  Callaway).  This 
formation  follows  unconformably  upon  the  so-called  Uriconian  rocks 
of  the  district,  and  occurs  in  many  localities,  as  at  Lilleshall,  the 
Wrekin,  Caer  Caradoc,  Cardington,  etc." 

In  the  Geological  Magazine  for  December,  1891,  Prof.  Lapworth 
published  a  full  description  of  Olenellus  CcUlavei,  with  figures ;  and 
stated  that  in  Shropshire,  as  elsewhere,  "we  find  the  Cambrian 
divisible  into  three  sections — an  Upper  Cambrian  above,  marked  by 
the  presence  of  the  genus  Olenus  (Olenidian) ;  a  Middle  Cambrian 
group  with  Paradoxides  (Monevian  or  Paradoxidian) ;  and  finally  a 
Lower  Cambrian  (Olenellus  zone)  or  basal  group  (possibly  of  some- 
what ditierent  systematic  importance),  distinguished  by  the  presence 
of  Oleuellusy  At  the  meeting  of  the  British  Association  in  1S91, 
Sir  A.  Geikie  announced  the  discovery  of  Olenellus  by  the  Geological 
Surveyors  in  the  North-West  of  Scotland,  and  since  then  additional 
species  of  that  genus  have  been  obtained  by  them  as  well  as  some 
of  the  usually  associated  organisms.  This  important  discovery  of 
typical  Lower  Cambrian  fossils  overlying  Torridon  Sandstone 
proved  that  the  latter  must  be  of  higher  antiquity,  hence  of  pre- 
Canilirian  age.  Up  to  the  present  time  the  usually  overlying 
Paradoxides  and  Olenus  zones  have  not  been  found  in  Scotland. 
It  5?eenis  pretty  evident  that  the  Cambrian  rocks  must  be  com- 
paratively thin  in  the  North-West  of  Scotland;  in  this  respect 
simulating  the  succession  in  Scandinavia  rather  than  that  in  Wales. 

There  can  be  no  doubt  that  the  genera  OleneUtis,  Paradoxides,  and 
Olenus  in  the  areas  where  they  have  been  found  to  succeed  each 
other  in  conformable  sediments  do  mark  very  definite  periods  in  the 
world's  history ;  but  such  arbitrary  lines  are  not  natural,  and  we 
must  expect  to  find  from  time  to  time  that  the  limit  assigned  to 
a  genus  will  have  to  be  extended  as  new  areas  are  being  explored. 
Where  a  genus,  which  has  been  sufficiently  abundant  to  characterize 
a  main  zone,  disappears  suddenly,  there  is  usually  some  indication 
in  the  deposits  of  at  least  a  slight  physical  change.  At  St  David's 
1  Geol.  Mag.  Dec.  III.  Vol.  V.  p.  485,  and  «*  Nature,"  vol.  xxix.  p.  213. 
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this  is  particularly  marked,  for  immediately  below  the  lowest 
Paradoxides  zone  a  fine  conglomerate  containing  angular  fragments 
of  volcanic  material  occurs,  and  this  I  have  taken  as  the  boundary 
line  between  the  Caerfai  (Olenellus  beds)  and  the  overlying  Solva 
(Plutonian  and  Paradoxides  beds).  Again,  at  the  top  of  the 
Menevian,  and  separating  it  from  the  overlying  Lingula  flags 
(Olenus  beds),  massive  grits  succeed  black  slates,  and  in  these  grits 
we  again  meet  with  volcanic  materials.  Were  it  not  for  these 
changes  I  doubt  not  the  genera  would  have  a  greater  vertical  range, 
and  at  certain  horizons  also  intermediate  forms  would  be  found.  In 
naming  groups  of  strata  after  a  genus  there  is,  of  course,  the  danger 
that  the  prevailing  genus  in  one  area  may  not  be  so  in  another,  and 
may  indeed  be  entirely  absent,  though  the  beds  may  be  of  exactly 
the  same  age.  Still,  as  already  stated,  other  associated  fossils  are 
usually  equally  characteristic  of  the  zone,  therefore  there  is  not, 
as  a  rule,  much  difficulty  in  defining  the  horizon  even  when  the 
stratigraphical  evidence  is  incomplete.  In  Wales  there  are  many 
exposures  of  Lower  Cambrian  rocks  which  would  be  likely  to  yield 
fossils  to  a  careful  search,  and  I  feel  confident  that,  ere  long,  they 
will  yield  a  much  richer  fauna  than  has  hitherto  been  obtained 
from  them. 

(To  be  eontinued.) 

IV. — The  Most  Recent  Changes  of  Level  and  their  Teaching. 
The  Rapid  Collapse  of  Some  Districts  at  the  Close  of 
the  Mammoth  Age. 

By  Sir  Hbnrt  H.  Howorth,  K.C.I.E.,  M.P.,  F.R.S.,  F.G.S. 

IN  some  recent  papers  published  in  the  Geological  Magazine, 
I  have  endeavoured  to  show  that  at  the  close  of  the  Mammoth 
age  there  was  a  very  considerable  dislocation  of  the  earth's  crust, 
and  that  a  consequence  of  it  was  the  upheaval  of  some  of  tlie 
highest  masses  of  land  on  the  earth,  including  the  massive 
mountains  of  Asia  and  the  American  Cordillera.  I  now  propose 
to  show  that  (as  is  d  priori  probable)  there  was  a  concurrent 
collapse  or  sinking  of  the  ground  over  large  areas,  which,  as  in  the 
corresponding  upheaval,  was  very  rapid,  if  not  sudden. 

We  will  begin  with  our  own  latitudes.  There  cannot  be  any 
doubt  that  in  the  Mammoth  age  England  was  joined  to  the  Continent. 
This,  I  presume,  is  accepted  by  everybody.  We  cannot  account  for 
the  presence  here  of  the  Pleistocene  and  existing  Mammals  by 
any  other  postulate  than  the  existence  of  a  land-bridge  when  the 
Mammoth  and  the  Tichorhine  Rhinoceros  were  living  on  both  sides 
of  what  is  now  the  Channel. 

This  is  plain.  Where  was  this  bridge?  Was  it  a  continuous 
stretch  of  land  entirely  occupying  the  English  Channel,  as  has 
been  generally  supposed,  and  as  has  in  consequence  been  figured 
on  many  maps;  or  was  it  a  much  more  partial  one,  forming  an 
isthmus.  In  my  view  there  can  be  little  doubt  it  was  the  latter. 
In  the  great  headland  at  Selsea,  Godwin-Austen  has  described  large 
portions   of   the    skeleton  of   a  Mammoth  as  found  mixed   with 
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nmriiie  slielU  in  the  same  bed.  I  can  only  explain  this  by  supposing 
tliat  the  EiigliHh  Channel  in  the  Mammoth  age  was  open  at  least 
a8  far  as  the  hmgitude  of  Selsea;  and  as  these  shells  contained  a 
ninnher  of  Lusitanian  species,  it  means  that  the  English  Channel 
was  then  o(>en  to  the  west  and  south-west,  whence  these  shells  mnst 
have  come.  This  is  confirmed  by  the  further  fact  that,  so  far  as  I 
know,  no  Mammoth  remains  have  ever  been  dredged  in  the  Channel 
west  from  this  point,  except  close  inshore  in  Torbay,  etc  Hov 
much  further  eastward  than  Selsea  the  open  water  extended  I  (1o 
not  know.  A  Mammoth  tooth  has  been  dredged  on  the  oyster  banks 
off  Calais,  and  another  in  the  channel  separating  the  Vom  sand- 
hank  from  its  neighbour.  This  last  is  the  furthest  west  in  the  open 
channel  that  I  know  of  any  such  remains  having  been  found  under 
the  sea,  and  the  two  banks  perhaps  mark  the  western  edge  of  the 
land.  When  we  approach  the  eastern  entrance  to  the  Channel  we 
\w^m  to  find  ample  evidence  of  the  land-bridge  we  have  been 
talking  about  Between  Dunkirk  and  Cn)mer  we  can  draw  a  line 
which  passes  through  an  area  where  the  whole  sea-bottom  was  once 
strewn  with  Mammoth  bones, and  teeth.  The  majority  of  them  have 
been  cleared  away  by  the  dredgers.  Most  of  them  have  been  broken 
and  destroyed ;  but  the  Owles  Collection  in  the  British  Musenm  ii 
a  s})lendid  ti*ophy,  *' spolia  opima"  from  this  cemetery,  as  the  fisher- 
men call  it.  We  can  put  our  dredges  upon  the  actual  land-surfaoe 
which  then  existed  and  bring  up  in  them  the  remains  of  the  animals 
which  lived  on  it,  fresh,  unweathered,  and  sometimes  even  artionlated, 
as  is  the  case  with  specimens  I  have  by  me,  and  many  specimens 
in  the  Owles  Collection,  and  in  the  collections  at  Norwich,  etc. 
Tiie  sharp  edges  of  the  muscular  attachments  in  all  these  bones 
and  teeth  show  they  were  never  exposed  to  the  weather  nor  rolled 
by  the  sea,  and  that  they  must  have  remained  where  the  animals 
iell  from  the  time  they  fell  until  now.  That  th^^se  bones  are  tlie 
(h'hris  of  carcases  floated  by  the  rivers  I  do  not  for  a  moment 
believe.  Rivers  do  not  float  carcases  out  to  sea  in  this  way,  and  if 
they  did.  these  carcases  are  quite  out  of  the  way  of  any  possible 
river-current  of  any  known  rivers.  When  occasionally  animals  are 
drowned  in  rivers  they  are  speedily  pulled  under  by  the  carnivorous 
fish,  etc.  The  vast  cemetery  of  Mammoths  and  other  animals  existing 
between  Norfolk  and  Dunkirk  has  all  the  appearance  of  a  stretch 
of  land  which  suddenly  sank,  and  was  thus  submerged,  with  all 
its  living  inhabitants. 

What  the  northern  boundary  of  this  isthmus  was  we  cannot 
positively  say.  If  it  be  permissible  to  borrow  an  argument  from 
ornithology,  we  may  fix  it  at  a  line  joining  the  mouth  of  the  Ell>e 
and  Norfolk ;  for  it  is  here  that  the  famous  migrating  line  of  birds 
is  placed,  and  the  ornithologists  tell  us  they  can  only  explain  it  by 
supj^osing  that  this  was  the  former  limit  of  land  and  sea.  Here, 
th«.ii,  we  have  the  rude  outline  of  the  bridge  over  which  Mammoth 
and  Rhinoceros,  Bison  and  Irish  Elk,  with  their  contemporary 
Palaeolithic  Man,  travelled  from  the  Continent  to  Britain.  This  same 
isthmus  would  also  separate  the  cold  waters  of  the  North  Sea,  whose 
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temperature  is  attested  by  the  so-called  glacial  shells  found  on  the 
north-eastern  coast  of  England,  and  the  eastern  coast  of  Scotland, 
from  the  warmer  waters  of  what  is  now  the  English  Channel,  whose 
temperature  is  similarly  attested  by  the  shells  found  at  Selsea. 

S.  V.  Wood,  jun.,  speaking  of  the  Selsea  beds,  says  **  they  contain 
a  marine  fauna  quite  unlike  that  of  any  post-Glacial  marine  beds  in 
England  and  Scotland,  and  consisting  of  species,  all  of  which  are 
living.  Nearly  all  the  shells  live  on  the  south  coast,  but  a  few  do  not 
now  reach  us,  but  have  their  northern  limit  on  the  Lusitanian  coast ; 
so  that  the  English  Channel  at  some  post-Glacial  time  (?  post- 
Glacial,  H.  H.  H.)  was  subjected  to  an  influx  of  Lusitanian  water, 
which  afterwards  ceased  when  the  Lusitanian  shells  disappeared.*' 

The  disappearance  of  the  Lusitanian  shells  can  be  explained,  most 
rationally  as  it  seems  to  me,  by  the  breakdown  of  the  isthmus  in 
question,  which  would  allow  the  cold  waters  of  the  North  Sea  to 
circulate  into  the  Channel,  and  thus  lower  the  temperature  of  its 
waters. 

In  the  collapse  of  this  land-bridge  we  have  some  evidence  of  the 
considerable  subsidence  which  took  place  at  the  close  of  the 
Mammoth  age.  If  we  travel  westward  it  is  almost  certain  that 
the  separation  of  the  Isle  of  Wight  from  the  mainland  took  place  at 
the  same  time,  for  the  remains  of  the  Mammoth  and  its  companions 
have  been  found  there  as  on  the  mainland. 

Further  west  the  evidence  is  more  definite.  Bound  the  coasts  of 
Dorsetshire,  Devonshire,  Cornwall,  and  Somerset,  there  have  been 
found  large  remains  of  submerged  forests,  and  both  in  Torbay  and 
Bideford  Bay,  on  the  two  sides  of  the  great  western  English  pro- 
montory, there  have  occurred  Mammoth's  teeth,  apparently  derived 
from  these  beds.  These  clearly  point  to  a  considerable  submergence 
of  land  in  the  west  country  after  the  Mammoth  time,  and,  as  the 
teeth  and  bones  are  un weathered,  it  would  seem  to  follow  that  it 
was  immediately  after  the  destruction  of  the  Mammoth  that  the  sub- 
mergence took  place.  A  similar  conclusion  was  arrived  at  by  Dr. 
Falconer  and  the  explorers  of  the  Gower  Caves,  who  concluded  that 
it  was  impossible  for  herds  of  great  herbivorous  animals  to  live  in 
a  district  like  that  in  which  the  Gower  Caves  are  situated,  unless 
its  condition  was  very  different,  and  that  the  facts  point  to  the 
submergence  of  a  considerable  extent  of  champagne  country  at 
the  close  of  the  Mammoth  era  in  the  district  now  occupied  by  the 
Bristol  Channel. 

If  we  now  turn  to  the  Irish  Sea  we  shall  have  reason  to  come  to 
the  same  conclusion.  In  the  middle  of  the  Irish  Sea  is  the  Isle  of 
Man.  In  the  Isle  of  Man  have  occurred  remains  of  the  great  Irish 
Deer  in  the  marls  underlying  the  peat  bogs.  Similar  remains  have 
occurred  in  Great  Britain,  and  of  course  in  Ireland,  and  they  mean 
that  a  land-bridge  must  have  existed  connecting  the  three  areas. 
That  this  land- bridge  existed  in  the  Mammoth  age  we  cannot 
positively  say,  since  no  Mammoth  remains  have  hitherto  occurred, 
I  believe,  in  the  Isle  of  Man,  and  there  is  some  douht  as  to  whether 
the  Irish  Deer  did  not  survive  the  Mammoth  period  in  Ireland.    But 
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the  probabilities  are  very  greatly  in  favour  of  this  bridge  haTing 
existed  at  the  time  when  the  Channel  bridge  was  broken. 

The  exact  position  of  this  land-bridge  we  cannot  absolntelj 
ascertain  at  present,  but  we  have  some  guide.  The  pecaliar  fanna 
of  Ireland  points  to  its  having  been  united  to  Great  Britain,  not 
in  the  south  but  in  the  north.  The  birds  of  Ireland  are  especially 
noteworthy  in  this  respect,  and  ornithologists  in  fact  treat  Ireland 
as  a  province  of  Scotland.  The  same  conclusion  is  pointed  at  by 
the  scarcity  of  the  remains  of  the  Mammoth  in  Ireland,  and  the 
absence  of  the  Tichorhine  Rhinoceros  there,  the  identity  of  the  Irish 
Hare  and  the  Scotch  Blue  Hare,  et<;.;  and  it  would  seem,  therefore, 
almost  certain  that  this  bridge  was  situated  in  the  north  of  the 
Irish  Channel,  while  the  south  of  the  same  sea  was  occupied  as  now 
by  water;  and  we  have  some  evidence  that  the  IVIoUuscan  fauna  of 
Moel  Tryfaen  and  of  the  Lancashire  and  Macclesfield  beds,  and  also 
of  the  Irish  Pleistocene  beds,  is  of  a  more  temjierate  character  thaa 
that  of  the  beds  of  the  same  age  in  the  west  of  Scotland,  pointing 
to  a  separation  between  the  waters  of  the  Irish  Sea  and  those 
bathing  Western  Scotland  having  once  existed. 

That  some  changes  of  level  have  taken  place,  however,  in  the 
southern  part  of  the  Irish  Sea,  involving  a  considerable  subsidence, 
we  know,  from  the  buried  forests,  etc.,  in  Cardigan  Bay,  while  the 
junction  of  Anglesea  to  the  mainland  in  the  Mammoth  age  seems 
attested  by  the  well  known  molar  tooth  discovered  by  Mr.  Owen 
Stanley  in  a  submerged  peat  bog. 

If  we  turn  to  the  other  side  of  England,  evidence  of  a  similar 
kind  is  forthcoming.  We  have  remains  of  submerged  forests  off 
the  coast  of  East  Anglia  and  Yorkshire  which  cannot  be  explained 
by  any  other  theory  than  a  widespread  submergence ;  the  same 
conclusion  follows  from  the  semi-fossil  littoral  shells  which  have 
been  dredged  in  the  North  Sea,  and  which  show  that  there  must 
have  been  shallow  water  where  there  is  now  deep. 

Let  us  now  cross  over  the  North  Sea.  The  coasts  of  Denmark 
are  girdled  witli  traces  of  submerged  forests,  so  are  the  southern 
shores  of  the  Baltic.  Similar  traces  have  been  found  in  the  Sounds 
separating  Sweden  and  Denmark.  Here  we  seem  to  be  on  traces 
of  a  comparatively  recent  change  of  level,  since  at  least  one  polished 
stone  axe  has  been  dredged  in  the  Cattegat.  But  even  better  evidence 
of  such  a  submergence  is  the  comparatively  recent  existence  of  the 
Boa  primigeniiiSf  and  perhaps  the  Bison,  on  both  sides  of  the  Sounds 
and  its  absence  in  Central  and  Northern  Sweden,  in  Finland,  etc 
Its  remains  have  been  found  in  the  turbary  deposit*  of  Scania, 
while  they  abound  in  Mecklenburg,  and  there  is  no  way  in  which 
we  can  account  for  this  animal  occurring  in  both  areas  except  by 
a  land -bridge. 

If  we  now  turn  to  the  plains  of  Holland  and  North  Germany, 
we  shall  have  evidence  of  another  kind.  The  Drift  deposits  lie 
there  in  some  places  to  a  vast  depth,  and  it  has  been  remarked, 
that  if  they  were  removed,  a  very  large  area  would  be  under  the 
level   of  the  sea;    this,   too,  where  there  are  no  traces  of  marine 
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eds  below  the  Drift,  but  every  evidence  of  continaous  land 
onditions.  This  old  land-surface,  with  its  living  occupants,  points 
nmistakably  to  the  general  level  having  been  considerably  higher 
ery  recently. 

Let  us  now  turn  to  another  district  I  have  already  in  previous 
rticles  discussed  the  more  recent  history  of  the  Arctic  border  lands 
f  North-Eastern  Europe  and  Asia,  and  have  shown  that  while  in 
he  Mammoth  age  the  Bear  Islands  were  united  to  the  mainland, 
here  was  also  a  land-bridge  between  Asia  and  America  by 
rhich  the  animals  could  pass  to  and  fro.  In  either  case  this  was 
oUowed  by  a  great  collapse  along  the  whole  sea-board,  by  which 
.  large  strip  of  land  was  submerged.  The  evidence  of  this  is  two- 
old,  namely,  the  occurrence  of  large  numbers  of  bones  between  the 
)ear  Islands  and  the  mainland,  where  they  have  been  dredged ;  and 
econdly,  the  occurrence  of  marine  shells  far  inland  in  the  valleys 
f  the  Petchora,  the  Obi,  and  the  Yenessei,  showing  quite  a  recent 
levation.  In  some  cases  these  marine  beds  overlie  the  Mammoth 
leds  and  thus  enable  us  to  fix  the  fact  that  the  last  upheaval  has 
leen  more  recent  than  the  last  submergence  in  those  latitudes. 
f  we  turn  to  the  eastern  coast  of  Asia,  and  examine  the  fauna 
ind  flora  of  the  Island  of  Saghalien  and  the  Northern  Island  of 
Fapan,  separated  from  the  Southern  Island  by  that  great  zoological 
'  divide "  Blackeston's  Line,  we  shall  be  constrained  to  the  oon- 
ilusion  that  these  two  islands,  forming  so  integral  a  part  of 
he  Palaearctio  region,  can  only  very  recently  have  been  separated 
rom  the  mainland,  and  that  we  have  here,  as  in  the  broken  bridge 
)f  Bering  Straits,  fresh  evidence  of  a  great  and  recent  collapse  of 
he  land. 

If  we  turn  to  America,  we  shall  find  some  of  the  most  experienced 
^logists  in  agreement  as  to  there  having  been  a  very  recent  much 
iigher  continental  elevation  there.  This  is  shown  by  the  submerged 
ralleys.  Thus  Prof.  J.  W.  Spencer  calls  attention  to  the  fact  that 
he  original  rocky  floor  of  the  Mississippi  valley  is  buried  to  a  depth 
>f  170  feet  at  La  Closse,  1000  miles  from  the  Gulf  of  Mexico ; 
vhile  at  New  Orleans  the  boring  of  630  feet  below  the  sea-level 
iocs  not  penetrate  the  Southern  Drift,  nor  even  reach  to  its  highest 
nembers ;  this,  as  he  says,  points  to  the  fact  that  the  country 
(rained  by  the  upper  waters  of  the  Mississippi  must  have  stood 
Qany  hundred  feet  higher  than  it  does  now  relatively  to  the  region 
X  its  mouth,  while  that  same  region  has  also  been  greatly  elevated. 
'Passing,'*  he  says,  '*from  the  buried  channels  of  the  Mississippi 

0  its  continuation,  now  submerged  beneath  the  waves  of  the  Gulf 
f  Mexico,  we  find  evidence  indicating  such  a  stupendous  continental 
levation  as  to  be  almost  incredible  were  it  not  supported  by 
ollateral  evidence  upon  both  the  Pacific  and  Atlantic  coasts.  The 
urroundings  off  the  coast  of  the  delta  of  the  Mississippi  indicate 
fie  outer  margin  of  the  continental  plateau  as  submerged  to  a  depth 
f  3600  feet,  indented  by  an  embayment  of  another  hundred  fathoms 

1  depth,  at  the  head  of  which  there  is  a  valley,  a  few  miles  wide, 
ounded  by  a  plateau  from  900  to  1200  feet  above  its  floor.     This 
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valley  is  now  submerged  to  a  depth  of  over  3000  feet,  and  is  tbe 
representative  of  the  channel  of  the  ancient  Mississippi  River,  towardi 
which  it  heads." 

On  the  Tacifio  coast,  in  the  region  of  Cape  Mendooino,  Professor 
George  Davidson  has  identified  three  valleys,  now  snbmerged,  from 
2400  to  3120  feet,  and  several  of  inferior  depth.  These  measare- 
ments  are  those  of  the  valleys  where  they  break  through  the 
niarginal  plateaux  of  the  continent  at  about  six  miles  from  the 
present  shore,  where  it  is  submerged  to  the  depth  of  a  hundred 
fathoms.  Similar  deep  fiords  exist  on  the  Atlantic  sea-board ;  that 
of  the  Hudson  Kiver  is  traceable  to  the  margin  of  the  oontinental 
plateau,  requiring  a  depth  of  2844  feet ;  similarly  the  Delaware 
feiver  valley  is  continued  by  another  fiord,  the  floor  of  which  is 
now  covered  to  a  depth  of  1200  feet,  its  contin nation  seaward  not 
having  been  ascertained ;  so  with  the  St.  Lawrence  and  the  Saguenaj. 
Similar  evidence  of  former  elevation,  according  to  Mr.  Spencer,  if 
also  shown  by  the  great  depths  of  the  American  lakes.  Turning 
elsewhere.  Professor  Le  Conte  has  shown  that  the  islands  south  of 
Santa  Barbara  and  Los  Angeles  on  the  Pacific  coast  of  the  United 
States,  which  are  separated  from  the  mainland,  and  from  each  other, 
by  channels  from  20  to  30  miles  wide,  and  600  to  1000  feet  deep, 
were  still  a  part  of  the  mainland  during  the  late  Pliocene  and  early 
Quaternary  periods.  Mr.  Upham  calls  attention  to  the  snbmeiged 
valleys  in  California,  and  right  away  to  Alaska,  as  pointing  the  same 
lesson.  Travelling  elsewhere  again,  it  is  impossible  to  doubt,  if 
we  examine  the  biological  evidence,  that  the  Island  of  Ceylon  has 
been  quite  recently  united  to  the  peninsula  of  India;  so  with  the 
islands  in  the  Gulf  of  Bengal.  In  a  recent  number  of  "Nature" 
we  have  an  account  of  the  discoveries  of  the  remains  of  an  Elephant 
in  a  little  island  in  that  gulf,  showing  that  it  also  must  have  heen 
very  recently  joined  to  the  mainland.  We  cannot  explain  the 
problem  of  the  fauna  of  Sumatra,  except  by  supposing  that  it  has 
been  very  recently  indeed  separated  from  the  Malay  peninsula.  Nor 
do  I  know  anyone  who  doubts,  since  the  researches  of  Wallace, 
that  the  Eastern  Archipelago  has  been  the  scene  of  a  very  recent 
dislocation  and  subsidence.  The  same  kind  of  evidence  compels 
us  to  postulate  the  very  recent  sinking  of  the  channel  between 
Tasmania  and  Australia;  the  fauna  of  the  two  areas  being  so 
conspicuously  alike,  while  that  of  the  former  is  marked  by  the 
presence  of  more  than  one  living  animal  now  extinct  in  Australia, 
but  existing  there  in  Pleistocene  times.  I  might  continue  this 
examination  farther,  and  easily  enlarge  the  number  of  cases,  proving 
unmistakably  that  at  the  close  of  the  Mammoth  age  there  was  a 
great  subsidence  of  the  earth's  crust  in  many  latitudes. 

1  have  argued  in  previous  papers  that  it  is  equally  clear  that 
some  very  important  mountain  chains  were  very  rapidly,  if  not 
suddenly,  elevated  at  the  same  period,  so  that  the  subsidence  here 
postulated  would  only  be  the  com}>Iement  of  elevation  elsewhere. 

I  do  not  know  that  the  facts  of  such  a  subsidence  would  be 
seriously  contested  provided  it  were  granted  that  it  were  slow  and 
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ontinuous,  but  this  slowness  and  continuity  I  cannot  concede.  1 
o  not  find  evidence  anywhere  that  is  satisfactory  that  the  earth, 
ince  it  became  solid,  has  behaved  Tike  a  great  mass  of  dough, 
welling  here  and  subsiding  there  by  continuous  movements ;  on  the 
ontrary,  it  seems  to  me  that  wherever  we  have  evidence  of  such 
novemeuts,  and  surely  it  is  ample  enough,  that  evidence  points  to 
ts  having  been  by  jumps  and  starts,  involving  great  fractures  and 
Jslocations,  reversals  and  breaches  of  continuity.  Just  as  I  ventured 
0  argue  that  the  upheaval  of  the  Ural  Mountains,  of  the  Altai,  and  of 
he  American  Cordillera  was  rapid,  if  not  sudden,  and  marked  by 
very  sign  of  cataclysmic  change,  so  also  do  I  hold  the  corresponding 
ubsidences  to  have  been  rapid,  if  not  sudden.     Evidence  on  such 

point  is  not  always  easy  to  find,  but  in  some  cases  it  seems  to  me 
0  be  patent  and  conclusive,  and  I  would  quote  them  as  samples 
•f  the  rest  Take  the  Channel  Bridge,  to  which  1  have  already 
eferred,  or  the  sea-bottom  between  the  Bear  Islands  and  Siberia, 
T  the  submerged  forests  occurring  on  many  coasts.  How  is  it 
possible  to  understand,  if  the  remains  of  these  old  land-surfaces  were 
ubmerged  by  slow  and  gradual  sinking,  that  the  sea  with  its  sharp 
ihisels  and  hammers  did  not  break  down  and  wear  away  to  powder 
ivery  Mammoth  tooth  and  bone,  and  every  tree  trunk.  Instead 
\{  this,  as  1  can  testify  from  many  examples  in  many  places,  espe- 
tially  in  regard  to  the  bones  and  teeth  referred  to,  every  slight 
idge  and  muscular  attachment  is  beautifully  preserved,  and  there  is 
10  sign  whatever  of  weathering.  The  bones  are  as  sharp  as  the  day 
hey  were  deposited,  not  in  one  place  only,  but  over  wide  areas. 
Nq  cannot  escape  the  conclusion  that  the  land-surfaces  on  which 
hey  lie,  which  are  entirely  out  of  the  reach  of  any  river  portage, 
vere  rapidly  submerged,  and  thus  protected  from  the  gnawing  tooth 
vith  which  the  ocean  between  high  and  low  water-mark  grinds 
lard  rocks  as  well  as  soft  ones  into  gravel,  sand,  and  mud.  The 
ame  argument  applies  to  the  submerged  forests  and  beds  of  soft 
ind  easily  eroded  clay  in  which  the  trees  are  often  rooted.  Here, 
.Iso,  1  cannot  understand  how  such  beds  could  have  survived  the 
»attering  of  shingle  and  tide  if  they  had  been  gradually  submerged, 
jb  some  have  argued.  This  is  not  my  view  only,  but  has  been  held  by 
Quch  better  men  than  myself,  Godwin -Austen,  Murchison,  and  others. 

To  quote  one  of  them,  Murchison,  '^  it  cannot  surely  be  maintained," 
le  says,  "  that  by  the  ordinary  action  of  the  sea  and  a  gradual 
lepression  of  the  lands  now  sunk  beneath  the  Irish  Channel, 
Cngland  and  Ireland  were  separated  since  the  gigantic  Elk  i^Cermis 
lagaceros)  inhabited  our  lands.  Nor  by  such  gradual  agency  only 
an  we  even  account  for  the  formation  of  the  great  channel  which 
ow  separates  England  from  France.  My  firm  belief,  indeed,  is  that 
bese  separations  were  effected  in  the  first  instance  by  powerful 
reaks  of  continuity,  caused  by  much  grander  earthquakes  than  any 
f  which  history  affords  a  record,  due  to  expansive  internal  forces, 
^hich  gave  rise  to  great  upheavals  and  subsidences  in  the  crust  of 
le  earth.  In  more  remote  periods,  or  those  of  older  geological 
ate,  these  forces  have,  we  well  know,  produced  still  more  intense 
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disruptions,  and  have  even  abruptly  thrown  enormous  masses  of 
hard  pebbly  sediment  under  the  rocks  out  of  whose  detritus  they 
have  been  derived  "  (J.R.G.S.  vol.  clxv.-vii.  p.  33). 

The  burden  of  the  parable  which  I  have  been  trying  to  preach  in 
this  paper  is  that  the  catastrophe  which  involved  the  destniction  of 
the  Mammoth  and  some  of  its  companions  involved  not  only  the 
upheaval  of  some  important  mountain  chains,  but  the  corresponding 
subsidence  of  large  areas  in  different  parts  of  the  world,  both 
movements  having  been  sudden  and  cataclysmic  This  conclasion 
explains  two  facts  which  need  explanation.  In  the  first  place  it 
affords  a  good  and  ample  cause  for  the  diluvian  movement  which 
I  have  so  often  postulated,  and  which  was  deemed  necessary  by 
geologists  of  as  great  distinction,  acuteness,  and  experience  as  any 
now  living,  and  whose  wisdom  time  will  presently  vindicate.  It 
also  explains  that  form  of  the  Glacial  theory  which  an  increasing 
number  of  geologists  are  supporting,  namely,  the  existence  at  a 
recent  geological  date,  not  of  portentous  ice-caps  and  ice-sheets 
caused  by  goodness  knows  what,  and  completely  at  issue  with 
the  laws  of  mechanics  and  the  deductions  of  astronomy,  but  of 
much  larger  glaciers  where  glaciers  still  exist,  and  of  the  recent 
existence  of  glaciers  where  glaciers  no  longer  exist  This  resalt, 
some  of  us  think,  was  due  to  changes  within  the  earth  itself, 
and  not  to  astronomical  causes.  Geographical  reasons  suffice  to 
create  a  climate  at  this  moment  at  Yakutsk  far  exceeding  in  severity 
any  climate  at  places  on  the  same  latitude  which  purely  astro- 
nomical causes  could  induce.  I  believe  that  geographical  changes 
of  a  similar  kind  would  suffice  to  build  up  the  great  glaciers  of 
Pleistocene  times.  If  the  British  Isles  were  upheaved,  so  that 
a  large  part  of  the  Irish  Sea  and  of  the  German  Ocean  were  above 
the  sea-level  it  seems  not  improbable  that  the  mountains  of  Scotland 
and  of  Wales  would  nurse  glaciers  of  their  own.  If  this  elevation 
extended,  as  some  very  acute  French  geologists  have  urged,  to 
Switzerland,  the  glaciers  of  the  Alps  would  be  correspondingly 
enlarged  ;  so  with  Scandinavia.  If  the  United  States  and  the  country 
to  the  north  stood  in  Pleistocene  times  several  thousand  feet  higher 
than  they  do  now,  it  would  invariably  follow  that  the  Laurentian 
highlands  and  the  mountains  of  British  Columbia  would  nurse, 
as  the  evidence  shows  they  nursed,  large  glaciers  also.  If  Tasmania 
were  joined  to  Australia  by  the  process  of  the  general  upheaval  of 
the  land  in  those  regions,  there  is  no  difficulty  in  understanding 
how  the  mountains  of  Western  Tasmania  and  of  Victoria  should  also 
have  had  glaciers  of  their  own.  Thus  the  postulate  we  stand  upon 
explains  the  facts  as  we  read  them.  Of  course  it  explains  them  on 
the  supposition  that  Sedgwick,  and  Conybeare,  and  Murchison,  and 
d'Archiac,  and  many  other  heroes  of  our  science  were  not  children 
at  their  work,  but  acute  and  experienced  philosophers,  when  they 
argued  that  catastrophe  is  an  indispensable  factor  in  unravelling  the 
riddle  of  the  earth.  It  also  involves  a  breach  with  those  modem 
teachers  of  our  science  who,  while  professing  to  be  shocked  at  the 
very  sound  of  the  word  cataclysm,  do  not  scruple  to  raise  up  continents 
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and  to  sink  them  again,  in  order  to  explain  a  few  roanded  pebbles 
on  the  isolated  flank  of  a  hill,  and  make  ice  travel  by  some  properties 
unknown  to  experience  over  hundreds  of  miles  of  level  country, 
scraping  the  rock  as  it  marches,  and  yet  carrying  under  its  gentle 
slipper  several  hundred  feet  thick  of  soft  clay  and  sand,  and  some- 
times delicate  and  fragile  shells.  I  do  not  understand,  and  feel 
bound  to  protest  against,  the  continual  appeal  of  the  modem  school 
of  geology  to  causes  which  have  not  been  verified ;  and  it  seems  to 
me  like  trying  to  turn  the  flank  of  the  north  wind  by  an  appeal  to 
the  east  wind,  when  a  geologist,  in  order  to  save  a  mere  scholastic 
formula,  such  as  Uniformity,  ignores  the  laws  and  conditions  of 
science.  

Y. — Some  Physical  Questions  Connected  with  Theories  of  the 

Origin  of  Mountain  Ranges. 

By  T.  Mellard  Bbadb,  C.E.,  F.G.S.,  F.B.I.B.A. 

MR.  A.  VAU6HAN  has  honoured  with  a  criticism  *  my 
exposition  of  the  physical  principles  upon  which  my  Theory 
of  the  Origin  of  Mountain  Ranges  is  founded,  which  appeared  in  this 
Magazine  last  May.' 

Had  it  not  been  that  much  of  what  I  have  written  seems  to 
have  been  misapprehended,  I  should  probably  have  refrained  from 
comment  and  left  the  two  papers  to  speak  for  themselves. 

If  Mr.  Vaughan  will  refer  to  my  **  Origin  of  Mountain  Ranges," 
which  has  been  before  the  scientific  public  for  eight  years,  he  will 
see  that  chap,  xi,  while  dealing  with  '*  the  Hypothesis  that  Mountain 
Ranges  are  ridges  thrown  up  by  the  Compression  induced  in  the 
rigid  Crust  of  the  Globe  by  a  Shrinkage  of  the  heated  Nucleus,'*  was 
written  to  show  that  the  ideas  then  prevailing  on  the  effects  of 
secular  contraction  were  inaccurate,  and  in  this  chapter  the  con- 
ception of  the  existence  of  a  level-of- no-strain  was  first  developed. 
Further,  to  quote  my  own  words,  I  say :  **  If  the  above  reasoning  be 
valid,  it  is  plain  that  whatever  compression  may  take  place  in  the 
crust  of  the  globe  must  be  confined  to  a  very  slight  depth  below  the 
surface ;  to  Buch  a  thin  stratum^  in  fact,  that  the  ordinary  denudation 
constantly  going  on  would  probably  obliterate  most  of  the  resultant 
corrugations." ' 

In  the  contrast  I  have  drawn  from  time  to  time  between  my 
expansion  theory,  and  the  older  one  of  secular  contraction,  I  have 
studiously  given  the  latter  theory  the  benefit  of  maximum  figures  in 
order  to  prove  up  to  the  hilt  that  the  expansion  theory  gives  the 
most  effective  explanation  of  geological  facts  as  we  find  them.  I 
join  issue  with  Mr.  Vaughan,  however,  in  his  calculation  of  the 
amount  of  material  which  the  compression  of  the  outer  shell,  according 
to  my  figures,  would  give  for  mountain-making.  It  would  not 
exceed  on  the  most  favourable  conditions  one  twenty-third  of  the 
amount  he  states  (p.  316).  Also  as  a  practical  result  such  surplus 
material  could  not  possibly  be  all  used  for  mountain-making,  much 

»  Geological  Magazine,  July,  1894,  pp.  312-320. 

*  Jbid,  pp.  203-214.  *  Origin  of  Mountain  Ranges,  p.  126. 
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less  be  concentrated  in  one  spot ;  some  of  it  would  go  to  thicken  tbe 
earth's  crust. 

Mr.  Vau^han  calls  in  qaestion  the  principle  adopted  by  me  of 
ascertaining  the  radial  contraction  of  the  earth  nnder  the  conditions 
assumed  by  me.  The  method,  of  course,  is  only  a  rough  one,  but 
when  we  are  dealing  with  quantities  which  cannot  be  established 
with  great  accuracy  the  rough  method  is  the  safest.  I  take  the 
direct  linear  radial  contraction  across  the  contracting  shells,  and 
multiply  that  by  three.  A  little  consideration  will  show  why  the 
linear  contraction  across  the  shells  is  not  a  true  index  of  the  earth's 
contraction  as  a  whole.  The  shells  are  stretching  themselves  oyer 
a  nucleus  that  remains  of  a  nearly  constant  diameter,  therefore  they 
are  thinning  themselves  by  Btretching,  as  well  as  by  radial  oon- 
traction.  To  put  it  in  other  words :  A  voluminal  contraction  is 
a  contraction  of  a  given  volume  along  three  axes  at  right  angles  to 
one  another — this  will  be  expressed  roughly  by  a  figure  three  times 
the  linear  contraction.  When,  however,  a  shell  of  rock  contracts 
over  an  unshrinking  sphere  below,  contraction  along  two  of  these 
axes  being  impossible,  the  whole  effect  is  concentrated  on  the  third 
and  becomes  a  linear  contraction — roughly,  three  times  the  linear 
contraction  proper  for  the  rock ;  of  course  being  acoompanied  by 
tensile  stresses  and  deformation  of  shape. 

Having  had  considerable  difficulty  in  following  Mr.  Yaugban's 
reasoning  respecting  his  own  theory,  I  may  possibly  have  mis- 
apprehended it  as  he  has  mine  in  the  cases  just  dealt  with. 

To  put  it  shortly,  his  may  be  called  a  tensile  theory.  Before  such 
a  theory  could  be  established  it  would  be  necessary  to  show  that  the 
tensile  strengths  of  tbe  materials  of  the  earth  are  sufficient  to  stand 
the  stresses  this  theory  puts  upon  them.  It  appears  to  be  part  of 
Mr.  Vaughan's  theory  that  the  outer  crust  has  not  been  able  to  withstand 
the  tensile  stress  put  upon  it  by  shrinkage  through  loss  of  heat,  and  is 
consequently  full  of  fractures.  How  then  could  the  underlayers  by 
shrinking  exert  suoh  a  huge  pressure  on  the  interior  as  to  actually 
compress  the  materials  of  the  earth  into  a  smaller  volume  ?  Is  the 
tensile  strength  of  any  of  these  underlayers  equal  to  that  of  steel? 
We  know  that  30  tons  to  the  square  inch  is  about  the  breaking 
strength  of  steel.  It  would  be  interesting  if  Mr.  Vaughan  or  some 
other  mathematician  would  work  out  the  decrease  of  volume  which 
would  result  from  a  given  contraction  of  a  shell  of  steel,  say 
30  miles  thick,  acting  on  a  sphere  of  the  size  and  composition  of  our 
earth.*  A  theory  is  of  little  use  without  a  quantitative  basis.  When 
this  is  worked  out  it  may  be  found  unnecessary  to  calculate  the 
amount  of  compression  of  the  interior  which  a  local  shrinkage  of 
a  given  segment  of  the  sphere  would  be  competent  to  produce,  if, 
indeed,  it  would  produce  any,  which  I  very  much  doubt. 

*  If  we  look  upon  this  shell  as  a  spherical  boiler  of  steel  30  miles  thick  and  of  the 
diameter  of  the  Earth,  dependent  oulv  upon  its  tensile  strength,  a  pressure  of  8te-<im 
of  half  a  ton  to  the  square  inch  would  burst  it.  It  is  questionable  if  such  a  shell 
of  steel  (?ould  by  shrinlcai^e  exert  an  effective  pressure  of  one  quarter  of  a  ton  ptr 
square  inch  on  the  materials  of  the  interior  of  the  Globe. 
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I. — British  Association  fob  the  Advanoembnt  of  Soiknob.   Sixty- 
fourth  Annual  Meeting,  held  at  Oxford,  August  9th  to  14tb,  1894. 

List  of  Papers  read  in  Section  (C),  Geolooy. 

L.  Flbtchbr,  M.A.,  F.R.S.,  F.G.S.,  President. 

The  President's  Address. 

Prof.  A.  H.  Qreen, — Some  Points  of  Special  Interest  in  the  Geology 

of  the  Neighbourhood  of  Oxford. 
E.  A.  WaZ/ord.— Report  of  the  Committee  on  the  Stonesfield  "  Slate." 
E.  A.  Walford, — On  the  Terraced  Hill  Slopes  of  North  Oxfordshire. 
Frof  W.  Boyd'Dawkins. — The  Probable  Bange  of  the  Coal-measures 

under  the  Newer  Rocks  of  Oxfordshire  and  the  Adjoining  Counties. 
Prof.  W.  Boyd-Datokins. — On  a  Deposit  of  Iron  Ore  in  the  Boring 

at  Shakespeare's  Cliff,  Dover. 
J.  Logan- Lobley. — On  the  Cause  of  Earthquakes. 
Dr.   Tempest  Anderson. — On  certain  Volcanic  Subsidences   in   the 

North  of  Iceland. 
Joint  Discussion  with  Section  H,  on  the  Plateau  Gravels,  opened  by 

Mr.  Whitaker  and  Prof.  T.  Rupert  Jones. 
Sir  Archibald  Geihie. — On  some  Traces  of  Two  Rivers  of  Tertiary 

Time  in  the  Inner  Hebrides. 
H,  A.  Miers. — On  a  New  Method  of  Measuring  Crystals,  and  its 

Application  to  the   Measurement  of  the   Octahedral   Angles   of 

Potash-Alum  and  Ammonia-Alum. 
Prof  T.  Q.  Bonney, — A  Comparison  of  the  Pebbles  in  the  Trias  of 

Budleigh  Salterton  and  of  Cannock  Chase. 
Howard  Fox. — On  a  Soda-felspar  Rock  at  Dinas  Head,  North  Coast 

of  Cornwall. 
0.  W.  Jeffs. — Report  of  the  Committee  on  Geological  Photographs. 
Prof  T.  B.  Jones. — Report  of  the  Committee  on  Palseozoic  Phyllopoda. 
M.  Laurie. — Report  of  the  Committee   on  the  Eurypterid-bearing 

Deposits  of  the  Pentlands. 
Dr.  B.  H.  Traquair. — Preliminary  Note  on  a  New  Fossil  Fish  from 

the  Upper  Old  Red  Sandstone  of  Elginshire. 
Dr.  IT.  Micks. — The  Homes  and  Migrations  of  the  Earliest  Known 

Forms  of  Animal  Life,  as  Indicated  by  Recent  Researches. 
Montagu  Browne. — On  some  Vertebrate  Remains  from  the  Rbsetic  of 

Britain  (Third  Contribution). 
Osmund  W.  Jeffs. — On  some  Forms  of  Saurian  Footprints  from  the 

Cheshire  Trias. 
P.  F.  Kendall. — Report  of  the  Committee  on  Erratic  Blocks. 
Dugald  Bell. — Report  of  the  Committee  on  the  High-level  Shell- 
bearing  Deposits  of  Clava,  etc. 
Dr.  H.  Hicks. — On  some  Lacustrine  Deposits  of  the  Glacial  Period 

in  Middlesex. 
Prof  J.  F.  Blake. — Sporadic  Glaciation  in  the  Harlech  Mountains. 
Prof  T.  Q.  Bonney. — On  the  Probable  Temperature  of  the  Glacial 

Period. 
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E.  P.  CulverwelL — An  Examination  of  Croll's  and  Ball's  Theoiyof 

loe  Ages  and  Genial  Ages. 
Frof.  J.  F,  Blahe. — On  the  Mechanics  of  an  loe  Sheet 
Bev.  E.  Jones, — Report  of  the  Committee  on  the  Elbolton  Cave. 
Bev.  E,  Jones, — Report  of  the  Committee  on  the  Calf  Hole  Cave. 
Frof,  W,  Boyd'Dawkins, — On  the  Permian  Strata  of  the  North  of  the 

Isle  of  Man. 
Frof.   W,  Boyd'DawJcins, — The  Carboniferons   Limestone,  Triauio 

Sandstone,  and  Salt-bearing  Marls  of  the  North  of  the  Isle  of  Man. 
Sir  Ilenry  Howorih, — Strictures  on  the  Current  Method  of  Geological 

Classification  and  Nomenclature,  with  Proposals  for  its  Bevision. 
Montgomerie  Bell — The  Pleistooene  Gravel  at  Wolveroote,  Oxford. 

B,  Bruce  Foots, — Prehistoric  Man  in  the  Old  Allaviam  of  the  Sabar 
Mati  liiver  in  Guzerat. 

Frof,  W,  A,  Herdman. — Report  of  Committee  on  the  Marine  Zoology 
of  the  Irish  Sea. 

C,  Davifon, — Report  of  the  Committee  on  Earth  Tremors. 

Dr,  H,  J.  Johnston- Lavis, — Report  of  the  Committee  on  the  Volcanio 

Phenomena  of  Vesuvius. 
Frof,  W,  J.  Sollas. — Report  of  the  Committee  on  the  Investigatioii  of 

a  Coral  Reef. 
Frof  W,  Eennessy.—On  the  Shape  of  the  Banks  of  Small  Channeli 

in  Tidal  Estuaries. 
C,  E,  de  Bancs, — Report  of  the  Committee  on  Underground  Waters. 
W,    W.    Watts, — On    a    Eeuper   Sandstone  cemented    by  Barium 

Sulphate,  from  the  Peakstones  Rock,  Alton,  Staffordshire. 

Titles  of  Papers  bearing  on  Geology,  read  in  other  Sections:— 

J.  W.  Thomas, — On  the  Chemistry  of  Coal  Formation. 

T,  Johnson, — Chalk-forming  and  Chalk-destroying  Algaj. 

Frof,    Oshom, — On   Certain   Principles  of    Progressively  Adaptive 

Variation  observed  in  Fossil  Species. 
W,  F.  Fycraft, — The  wing  of  Archaopteryx  viewed  in  the  light  of 

that  of  some  Modern  Birds. 
Dr,    Scott, — The    Structure  of    Fossil    Plants   in   its   bearing  on 

Modern  Botanical  Questions. 
A.  C,  Seward, — A  Contribution  to  the  Geological  History  of  Cycads. 
H,  Stopes, — The  Evolution  of  Stone  Implements. 

IX. On   the    Geology   of  the   Plateau    Implements   in   Kent. 

By  Professor  T.  Rupert  Jones,  F.K.S.,  F.G.S.* 
f  pHlS  subject  having  been  fully  treated  of  by  Prof.  J.  Prestwich, 
JL  the  requisite  references  to  his  various  memoirs  elucidating  the 
general  geology  of  the  local  drift-deposits,  the  geological  stages  of 
their  formation,  and  the  peculiar  flint-implements  of  the  plateau 
are  given.  He  has  shown  that  certain  superficial  soils  on  the  North 
Downs  between  Sevenoaks  and  Rochester  contain  numerous  rudely 
worked  flints,  discovered  by  Mr.  B.  Harrison ;  and  that  these  were 
derived  from  a  gravel,  of  very  great  antiquity,  originally  formed  on 
1  Eead  before  SectionB  C  and  H,  British  Association,  Oxford. 
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the  side  of  the  old  Wealden  Hill-range  or  monntain,  whioli  once 
rose  about  3000  feet  above  where  Crowborough  and  other  hills  in 
Sussex  now  are.  Man  existed  at  the  time  of  these  gravels,  and  used 
the  flints  for  tools.  These  gravels  and  the  implements  left  in  them 
were  removed  by  natural  agencies,  such  as  rain,  rivers,  sea,  frost, 
and  ice,  and  distributed  by  torrential  streams  on  the  Chalk  slopes 
(now  part  of  the  North  Downs)  at  a  lower  level  on  the  flanks  of 
the  range. 

These  rude  old  flint  implements  have  an  ochreous  colouring,  due 
to  ferruginous  gravel,  whence  they  came ;  and  are  now  found  on  the 
plateau,  sometimes  with  limited  patches  of  some  of  the  ochreous 
flint  gravel,  together  with  Tertiary  pebbles,  less- worn  flints,  and 
fragments  of  Lower  Greensand,  on  the  red  *' clay-with-flints " 
covering  the  Chalk.  It  is  shown  how  desirable  systematic  excava- 
tions, to  prove  the  extent  and  thickness  of  the  implementiferous 
soil,  would  be. 

Prof.  Prestwich's  history  of  the  origin  of  the  ancient  Wealden 
Dome,  Island,  and  Hill-ranges,  and  of  the  gradual  destruction  of 
those  uplands,  in  the  course  of  untold  ages,  with  the  resulting 
formation  and  removal  of  successive  geological  groups  of  strata, 
such  as  the  Thanet  Sands,  Woolwich  and  Beading  Beds,  London 
Clay,  Lenham  Beds,  and  the  old  ferruginous  gravel  with  its  rude 
implements  above  mentioned,  are  noticed  in  detail. 

The  Diestian  or  Lenham  Beds  were  found  in  the  Early  Pliocene 
period ;  and  the  denudation  of  Holmesdale  probably  began  directly 
afterwards,  at  about  the  time  of  the  Ked  or  the  Chillesford  Crag  in 
Late  Pliocene,  or  in  post- Pliocene  times;  and  the  old  ferruginous 
gravel  had  not  only  been  formed,  but  washed  away  to  a  lower  level 
before  that  time. 

The  ultimate  denudation  of  the  valley  cutting  ofl"  the  Chalk  from 
the  Weald  being  subsequent  to  the  formation  and  removal  of  that 
gravel,  the  latter  must  have  been  pre- Glacial  in  age. 


la  E  ^V- 1  E  ^W^  S- 

I. — (1)  Les  preuves  de  l*£xistekcb  d*Obganismes  dans  lb 
Terrain  Pr^-Cambrien,  premiere  note  sur  les  Radiolaires 
PrI:-Cambriens.  Par  M.  L.  Cayeux.  Bulletin  de  la  Societe  Geolo- 
gique  de  France,  3®  s.,  tome  xxii.  pp.  197-228,  pi.  xi.,  annee  1894. 

(2)    SuR   LA   PRiSENOE  DE    RKSTES   DE    FoRAHINIFERES    DANS   LES 

Terrains  Pr^-Cambriens  de  Bretaonb.  Note  de  M.  L.  Cayeux, 
presentee  par  M.  FouQut.  Comptes  Hendus  de  TAcademie  des 
Sciences.     Tome  cxviii.  No.  25  (18  Juin,  1894),  pp.  1433-1435. 

(1)  Proofs  of  the  existence  of  Radiolarians  in  Pre-Cumbrian  rocks.  By  M.  L.  Cayeux. 

(2)  Remains  of  Foraminifera  in  the  Pre-Cambrian  of  Brittany.     By  M.  L.  Cayeax. 

ABOUT  two  years  since  Dr.  Charles  Barrois  announced,  in   a 
brief  note  to  the  "  Comptes  Rendus,"  the  discovery  of  Hadiolaria 
in  Pre-Cambrian  rocks  of  the  horizon  of  the  mineral  schists  and 
pbyllites  of  St  L6,  in  the  north  of  Brittany.     The  further  description 
dbcadb  rv^. — VOL.  i. — wo.  ix.  Tl 
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of  these,  probably  the  oldest  fossils  known,  was  intmsted  to  M.  L 
Cayeuz,  who  has  had  considerable  experience  in  the  study  of  Badio- 
laria  and  other  microsoopio  organisms  in  the  Cretaceous  rocks ;  and 
the  first  of  the  above  papers  contains  the  results  of  a  careful  in- 
vestigation into  the  nature  of  these  bodies  from  an  examination  of 
numerous  sections  of  the  rocks  in  which  they  are  preserved. 

From  the  geological  sections  of  the  country  drawn  up  by  Dr. 
Barrois  no  doubt  can  be  felt  as  to  the  horizon  of  the  fossiliferoas 
beds,  which  are  bands  of  phtanite  from  half-an-inch  to  over  three 
feet  in  thickness,  interstratified  with  the  schists.  The  phtanites  are 
now  principally  of  crystalline  silica,  and  a  certain  amount  of  carbon- 
aceous material  is  also  present  in  them. 

llie  bodies  described  as  Radiolaria  are  irregularly  distributed  in 
the  phtanites,  sometimes  occurring  singly,  at  others  great  numbers 
are  closely  associated  together,  so  as  occasionally  to  be  in  actual 
contact  They  are  exceedingly  small  in  size— the  figured  fornts 
range  from  'OOl  mm.  to  "022  mm.  in  diameter — and  to  observe  their 
structures  it  is  needful  to  use  much  higher  object-glasses  than  those 
required  for  other  fossil  and  recent  Radiolaria.  By  far  the  larger 
number  are  simply  spherical  in  form,  some  are  ellipsoidal,  and  there 
are  many  varieties  of  the  inflated  or  cyrtoidal  bell-shaped  formK 
One  or  more  radial  spines  occur  in  several  forms,  and  in  two  or 
three  an  inner  concentric  shell  connected  by  rays  with  the  outer 
test  has  been  detected.  Most  of  the  forms  figured  have  holes  or 
perforations  in  the  outer  test,  thus  showing  a  lattice-like  structure. 
This  is  considered  by  the  author  to  be  present  in  all)  though  not 
always  recognisable. 

The  author  has  figured  45  dififerent  forms  of  these  minute  bodies, 
and  the  greater  number  are  assigned  to  different  known  Radiolarian 
genera,  19  in  all;  a  few  forms  cannot  be  placed  in  any  describe<l 
genus,  but  all  are  comprised  in  four  of  the  great  subordinal  divisions 
of  Uaeckel,  viz.,  SphoBroidea,  Pruuoidea,  Discoidea,  and  Cyrtoidea. 
The  author  thus  confidently  asserts  the  close  relationship  of  these 
Pre-Cambrian  forms  to  existing  and  other  fossil  Radiolaria. 

It  will  readily  be  conceded  that,  at  a  first  glance,  the  forms  which 
the  author  has  had  figured  on  the  accompanying  plate  by  an  artist 
unac*[uainted  with  these  organisms  (and  therefore  unbiassed)  present 
a  strong  prima  facie  resemblance  to  known  Radiolaria.  Certain 
objections  have,  however,  been  made  to  placing  them  in  this  group 
by  some  who  have  had  the  opportunity  of  seeing  sections  of  the 
rock  containing  them,  and  the  author  has  very  fairly  and  candidly 
stated  these  objections  and  replied  to  them  in  the  paper.  It  should, 
perhaps,  be  mentioned  that  the  figures  now  given  have  been  taken 
from  specimens  lately  obtained  by  the  author,  which  show  their 
characters  more  distinctly  than  in  those  which  came  under  the 
notice  of  the  objectors. 

One  objection  is  based  on  the  extremely  small  size  of  the  Pre- 
Cambrian  bodies  as  compared  with  the  dimensions  of  undoubted 
Radiolaria.  This  difiference  is  very  striking  under  the  microscoi)e, 
aud  it  may  be  expressed  by  the  fact  that  the  average  diameter  of  the 
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44  figured  forms  of  which  the  dimensions  are  given  is  *0115  mm; 
whilst  the  average  diameter  of  44  of  the  PalsBozoic  Badiolaria  figured 
by  Dr.  Riist  (taking  the  44  species  first  described)  is  *2  mm. ;  thus  it 
would  require  the  combined  diameters  of  17  of  the  Pre-Cambrian 
bodies  to  reach  the  average  diameter  of  one  of  the  Palasozoio  Radiolaria. 
The  author  considers  that  the  small  dimensions  of  the  ancient  forms 
may  possibly  arise  from  different  biological  conditions,  and,  that  as 
size  does  not  enter  into  the  diagnosis  of  recent  Badiolaria,  the 
objection  is  not  valid  in  the  present  case..  It  may,  however,  be 
noted  that  there  is  no  'important  difference  in  the  size  of  existing 
Radiolaria  and  that  of  fossil  forms  as  far  down  as  the  Silurian  and 
Ordovician  rocks,  and  there  is,  therefore,  no  ground  for  anticipating 
that  still  earlier  forms  would  be  more  diminutive  than  those  of 
Ordovician  and  later  times.  Other  objections  are  bstsed  on  the  fact 
that  it  is  only  in  some  of  these  bodies  that  perforations  can  be 
discovered,  whilst  it  is  also  stated  that  they  are  too  regularly 
spherical  to  be  Radiolaria,  and  further  that  the  bodies  are  not  organic 
but  are  produced  by  the  juxtaposition  of  small  rounded  granules, 
and  that  the  interstices  between  these  give  the  appearance  of  perfor- 
ations. The  author  considers  that  such  an  interpretation  is  incon- 
sistent with  the  law  of  optics,  and  that  the  perforations  are  really 
pores  in  the  siliceous  test 

Dr.  Rcist,  judging  from  the  section  supplied  to  him  by  the  author, 
considered  that  the  small  rounded  bodies  more  nearly  resembled 
the  detached  chambers  of  Foraminifera  than  Radiolaria,  thus  allowing 
the  organic  character  of  the  forms  present ;  but  this  view  does  not 
account  for  the  larger  perforations  in  the  test  of  some,  and  further 
will  not  apply  to  those  which  are  bell-shaped.  The  author  has, 
however,  since  the  publication  of  the  first  paper,  communicated  a 
note  to  the  "Comptes  Rendus,"  in  which  he  asserts  the  Foraminiferal 
character  of  some  of  the  bodies  in  the  Pre-Cambrian  phtanites 
associated  together  with  the  forms  described  as  Radiolaria.  Of 
these  Foraminifera,  both  simple  and  compound  forms  are  present, 
but  the  simple  specimens  are  hardly  to  be  distinguished  from  those 
Radiolaria  in  which  the  pores  are  obliterated.  The  compound  forms 
consist  of  a  variable  number — ranging  from  2  to  7 — of  spherical  or 
ovoid  chambers  of  different  sizes  aggregated  together.  In  some 
cases  the  chambers  are  furnished  with  one  or  more  short  blunted 
spines.  The  walls  are  very  finely  perforate,  and  they  are  therefore 
included  in  the  perforate  group  of  Carpenter.  In  size  they  corre- 
spond with  the  Radiolarian  bodies ;  the  largest  of  the  chambers  hardly 
reaching  the  diameter  of  10  micromillimetres(=:*01  mm.  or  about 
aAo  of  an  inch),  and  thus  the  objection  made  to  the  Radiolarian 
bodies  on  account  of  the  disparity  in  size  in  comparison  with  recent 
forms  will  equally  apply  to  these  Foraminifera. 

The  importance  of  determining  the  real  character  of  the  minute 
bodies  in  these  Pre-Cambrian  rocks  will  be  generally  recognised, 
and  we  cordially  trust  the  author  will  persevere  in  Lis  researches 
until  he  meets  with  evidence  sufficient  to  convince  those  who  now 
feel  some  hesitation  in  accepting  his  conclusions  about  them. 
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II.—l.  Western  Austbalia  in  1898.  By  Francis  Habt.  Illos- 
trated  by  Maps  of  the  Colony  and  numerous  Photogravearei 
and  Sketches.  Published  by  authority  of  the  Gk>Yemment  of 
Western  Australia  (1893).  London :  8vo.  pp.  276.  Issued  in 
1894. 

2.  Western  Australian  Year-Book  fob  1892-93  (aeYentli 
year  of  issue).  By  Malcolm  A.  C.  Fraskb,  Registrar-GreoevBL 
By  authority,  pp.  i.-viii.  and  1-276,  with  a  Map  of  the  Colcmy. 
(Perth,  1893.) 

3.  Mining  Hand-Book  to  the  Colony  or  Wbstkbm  Australu, 
written  expressly  for  Prospectors  and  Strangers  to  the  Colony 
who  are  interested  in  Mining.  By  Harrt  P.  Woodward,  F.G.S., 
F.R.G.S.,  F.I.Inst,  Government  Geologist.  By  authority  of  the 
Commissioner  of  Crown  Lands.  8vo.  pp.  126,  illustrated  with 
numerous  Maps,  etc.     (Perth,  1894.) 

4.  Geological  Skbtoh-Map  of  Western  Australia,  1894. 
Scale  of  Nature  1 : 3,000,000.  By  Harry  P.  Woodward,  FG.S., 
F.B.G.S.,  F.I.Inst.,  Government  Geologist,  Perth.  Size  of  Map 
2  feet  X  3  feet  (Published  by  George  Phillip  and  Son,  32,  Fleet 
Street,  London,  £.C.) 

TXJ'E  have  frequently  called  attention  to  this  rapidly^advauciDg 
Yl       colony  in  the  pages  of  the  Geologioal  Magazine,  and  many 
of  its  fossils  have  been  described  and  figured  in  its  pages.^ 

This  year  has  been  more  than  usually  prolific  in  publications  issued 
bv  authority  of  the  Government  of  Western  Australia,  and  Done 
need  henceforth  complain  of  being  kept  in  ignorance  of  the 
wonderful  discoveries  as  to  its  mineral  resources,  which  have  bo 
awtonisbed  the  world  during  the  past  few  years. 

Mr.  Hart's  Handbook  is  now  in  its  second  edition,  and  is  what 
it  professes  to  be,  an  excellent  compilation  from  official  and  other 
reliable  sources,  of  all  matters  of  interest,  whether  political,  miDing, 
or  agricultural,  relating  to  the  colony  of  Western  Australia. 

In  extent  of  territory  it  greatly  exceeds  all  the  other  Australian 
colonies ;  and  only  a  short  time  since  it  was  seriously  proposed  to 
subdivide  it,  but  for  the  present  it  remains  intact,  with  a  length  of 
1 4C»0  miles  from  north  to  south,  1000  from  east  to  west,  and  a  coast- 
liije  of  more  than  3000  miles.  Nevertheless,  with  all  its  natural 
aiivantages  of  climate  and  geographical  extent,  it  has  until  the 
J  present  the  smallest  population  of  any  colony  on  that  continent; 
but  the  author  believes  that  population  by  means  of  emigration  can 
only  be  obtained  in  competition  with  other  countries,  by  offering 
Borne  stronger  attraction  to  the  emigrant,  as  did  the  great  gold 
discoveries  in  Victoria  in  1851.     Such  a  magnetic  attraction  is  noif? 

1  Geol.  Mao.  Pec.  HI.  Vol  HI.  1886,  pp.  1-7,  V\.  I.;  Geol.  Mag.  1889. 
p.  A'Vl.  IhhL  IS&O,  pp.  97,  98-106,  Pis.  IV.  and  V. ;  pp.  146-165,  Pk  H.  nnd 
VTl.;  pp.  193-204,  Pis.  VIII.  and  VIII. a;  pp.  481-492,  Pis.  XIII.  and  XIV. 
Ibid.  1892,  pp.  132,  133;  pp.  433-437,  PI.  XII.;  pp.  468,  469,  642-544, 
I'l.  XIV.  ma.  1893,  p.  28b;  pp.  412,  413.  Ibid.  1894,  pp.  385-393  ei  m- 
Pis.  XII.  and  XIII. 
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erted  by  Western  Australia,  whose  gold-fields  seem  likely 
\8  in  richness  those  of  any  other  part  of  the  world, 
ains  to  be  seen  whether  the  thirst  for  growing  rich  rapidly, 
iience  a  larger  body  of  adventurers  to  try  their  fortunes  in 
ny  than  have  already  been  drawn  to  her  shoi'es ;  certainly 
ities  are  not  lacking  to  those  who  can  seize  upon  them 
;ht  moment 

[uite  evident  that  Western  Australia  will  always  rank  as  a 
colony.  The  report  of  gold  recorded  by  the  Customs  in 
3unted  to  59,548  ounces,  which  at  £3  I60.  per  ounce  would 
226,283;  being  an  increase  of  £111,101  over  the  year  1891. 
i  was  obtained  as  follows,  viz. : — 

£     s.    d, 

boniB-retiims  of  gold  from  near  Albany       901  13    8 

from  Yilgam 79,694     7     4 

Cossack 48,992  12     9 

Wyndham     2,683    9     7 

Derby    680  15    4 

Ashburton    2  13     2 

Murchison    27,110  12     0 

Kimberley    773    7    3 

Champion  Bay     ...     65,444    0    0 
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£226,283  11     1 

Id,  however,  was  obtained  which  was  never  declared  to  the 

tter  sign  of  vitality  in  this  colony,  which  has  quite  lately 
its  Constitution,  can  be  instanced  than  the  fact  of  its  pro- 
sum  of  £71,482  for  public  works  and  buildings;  this 
the  erection  of  many  school-houses  and  the  expenditure  of 
•r  the  building  of  a  Museum  in  Perth. 
I  summary  of  the  Geology,  Mines,  and  Minerals  of  the 
he  author  (Mr.  Francis  Hart)  has,  by  an  error,  described 
f.  L.  Brown,  F.G.S.,  as  the  **  late  Government  Geologist  of 
alia,  and  now  employed  by  the  N.  S.  Wales  Government " 
md  he  repeats  this  error  at  p.  69.  We  are  happy  to  state 
H.  Y.  L.  Brown,  F.G.S.,  is  not  /ate,  but  is  still,  the  Govern- 
ologist  for  S.  Australia ;  long  may  he  continue  to  occupy 
to  the  advantage  of  the  colony  of  South  Australia ! 
8  is  the  seventh  annual  issue  of  the  "  Western  Australian 
)k,"  1892-93,  by  Malcolm  A.  C.  Fraser,  Registrar- General, 
useful  book,  which  gives  in  a  brief  summary  the  discovery 
>rn  Australia,  its  colonization  and  early  settlement,  its  con- 
and  government.  Much  valuable  information  is  also 
bearing  upon  its  mineral,  pastoral,  agricultural,  and  forest 
I,  its  population,  health,  and  climate. 

rests,  from  which  timber  for  export  is  obtained,  are  situated 
le  parallels  of  South  latitude  31°  to  35°  and  extend  over  an 
bout  30,000  square  miles,  or  equal  to  the  whole  territory  of 
.  Over  this  vast  extent  of  wooded  country  a  species  of 
us  (the  Jarrah)  prevails,  which  for  the  durability  of  its  timber 
passed  by  any  kind  of  tree  in  any  portion  of  the  globe. 
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This  tract  is  within  a  moderate  distance  of  the  ooast^  {has  lendering 
its  productions  easily  accessible  for  shipment  to  foreign  ports. 

Stems  of  these  giant  trees  have  been  measared  80  feet  to  the 
first  branch,  with  a  circnmference  of  82  feet  at  5  feet  from  the 
ground,  while  the  maximum  height  of  the  Jarrah  is  certainly  not 
over  estimated  at  400  feet 

The  entire  acreage  of  the  colony  is  estimated  at  624,588,800  aom; 
of  this  area  not  more  that  161,459  acres  were  ander  cultivation  in 
1892.  lliis  is  not  surprising  when  we  find  the  popalation  in  thii 
vast  area,  at  its  highest,  recorded  at  60,000,^  the  larger  proportion 
of  whom  is  engaged  in  mining,  in  the  timber  trade,  and  upon  the 
construction  of  railways  in  tlie  colony,  or  living  in  towns  and 
occupied  in  commerce. 

The  Constitution  under  which  Western  Anstralia  is  now  governed 
was  granted  on  the  15th  August,  1890,  and  the  present  Ministry 
assumed  office  on  the  29th  December,  1890,  so  that,  for  a  "fonr- 
year-old  "  government  that  of  Sir  John  Forrest  deserves  the  higheet 
praise  for  the  work  it  has  accomplished  in  so  brief  a  period  of 
its  existence. 

3.  "The  Mining  Hand-Book,"  by  Harry  P.  Woodward,  F.G.S., 
the  Government  Geologist,  deserves  notice  as  a  most  laudable  effi)ri 
to  supply  the  requirements  and  answer  the  questions  of  a  vast 
number  of  people  who  **want  to  Jkttow,"  and  insist  upon  having 
official  information,  on  the  geography,  geology,  and  mineral  resonrcee 
of  the  colony  generally.  The  author  tells  us  he  has  not  written  it 
as  a  scientific  treatise,  but  has  tried,  as  far  as  possible,  to  give  the 
information  required  in  as  simple  a  form  as  possible,  so  as  to  bring 
it  within  the  understanding  of  persons  who  have  had  no  scientific 
training.  After  a  general  description  of  the  physical  and  geo- 
graphical features  of  the  colony,  its  water-supply,  timber,  etc, 
Mr.  Woodward  deals  with  the  geognosy  of  each  district  in  detail, 
commencing  with  the  Kimberley  District  in  the  north ;  then  tlie 
North-AVestern  District,  followed  by  the  Gasooyne  District,  which  is 
succeeded  by  the  Victoria ;  the  South-Western  District,  the  Plan- 
tagenet  and  the  Eastern  District. 

Tiie  autlior  then  proceeds  briefly  to  sketch  the  geology.  He  points 
out  that  the  earlier  notion  regarding  this  continent,  which  assumed 
it  to  possess  only  a  very  limited  number  of  formations,  was 
erroneous,  and  that  every  formation  known  in  other  parts  of  the 
world  is  represented  here,  from  the  most  ancient  Archaean  rocks 
with  Canihrian,  Silurian,  Devonian,  and  Carboniferous,  attested  by 
the  evidence  of  the  fossils  they  contain,  which  have  been  figured 
and  described  by  Mr.  Wilfrid  Hudleston,  F.R.S.  (see  Quart.  Journ. 
Geol.  See.  188^^,  vol.  xxxix.  p.  582,  pi.  xxiii.),  by  Dr.  G.  J.  Hinde, 
V.P.G.S..  Dr.  H.  AVoodward,  P.G.S.,  Mr.  A.  H.  Foord,  F.G.S.,  and 
IVlr.  1{.  B.  Newton,  F.G.S.,  in  the  ])ages  of  this  Magazine  from 
188G  to  1894,  whilst  the  Jurassic,  Cretaceous,  and  Tertiary  forma- 
tions have  also  been  certified  by  their  organic  remains,  described 

*  Sir  Mnlrolni  Frascr.  on  15  August,  1894,  gives  it  at  71,000  on  31  March  last, 
nnd  sr.,000  <ui  30  June,  1894,  an  increase  due  to  the  steady  influx  of  mining 
j>rospectors  now  taking  place,  especially  in  the  south. 
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by  the  late  Mr.  Charles  Moore,  F.G.S.,  by  Dr.  J.  W.  Gregory,  P.G.S., 
and  Mr.  G.  C.  Crick,  F.G.S. 

The  author  describes  briefly  the  aspect  of  mineral  veins,  and 
gives  four  illustrations  of  their  appearance.  He  then  devotes  two 
pages  and  two  diagrams  in  oi*der  to  explain  why,  in  certain  areas, 
spring  water  may  be  obtained  by  boring,  whilst  in  others  it  is 
bopeless  to  expect  to  obtain  an  artesian  supply  of  water.  The  area 
occupied  by  each  formation  is  then  briefly  noticed. 

This  is  followed  (pp.  34r-55)  by  a  short  description  of  the  minerals 
of  commercial  value  which  have  been  found,  or  are  likely  to  be  met 
with,  in  the  colony,  and  the  common  tests  by  which  such  minerals 
may  be  recognised. 

The  metallic  minerals  are  first  described,  and  then  the  non- 
metallic;  and  under  each  is  given  their  occurrence  and  uses. 
To  this  follows  the  account  of  the  gold-fields  of  the  colony 
(pp.  56-78).  The  return  given  by  the  Customs  of  the  export  of 
gold  in  the  last  seven  years  shows  a  value  of  £952,182,  rising 
from  £1,207  in  1886  to  £421,385  in  1893. 

This  return  is  only  the  amount  declared  at  the  Customs,  and  is 
Far  below  the  actual  export,  which  cannot  be  correctly  ascertained. 
Most  old  miners  are  silent  as  to  their  actual  gains. 

The  author  then  gives  a  description  of  other  mineral  deposits,  as 
Ck)pper-Lead,  Copper,  Tin,  Coal.  Iron  and  Antimony,  Zinc,  Manganese 
Graphite,  etc.  Much  general  information  follows  as  to  the  means 
of  reaching  the  various  gold-fields,  and  the  necessary  outfit; 
licenses  to  mine;  means  of  shipping;  a  glossary  of  terms  in  use 
by  miners,  etc. 

No  one  need  complain  of  the  quantity  of  information  contained  in 
this  little  work  of  126  p^es,  which  is  certain  to  prove  of  great 
Bervice  to  the  many  whom  it  is  intended  to  assist. 

4.  It  must  require  a  man  as  courageous  as  the  ''  Bold  Buccleuch  " 
to  undertake  the  post  of  Government  Geologist  for  Western  Australia, 
and  to  map  an  area  of  976,000  square  miles,  being  about  nine 
times  the  size  of  the  United  Kingdom.  We  can  well  understand 
Mr.  H.  P.  Woodward  when  he  writes  that  since  1887  (a  period 
of  seven  years)  he  has  spent  most  of  his  time  in  travelling  about  this 
Fast  territory,  and  in  examining  and  reporting  upon  the  mineral 
resources  of  the  colony  generally. 

Prior  to  Mr.  Woodward's  appointment  in  1887,  small  portions  of 
the  colony  had  been  examined  between  the  years  1847  and  1851,  by 
Dr.  F.  von  Sommer ;  and  prior  to  1860,  by  Messrs.  A.  C.  and  F.  T. 
Sregory  (who  published  a  geological  map,  in  London,  of  a  part  of  the 
3olony  in  1860).  Mr.  Hy.  Y.  Lyell  Brown,  F.G.S.,  made  a  geological 
3xamination  of  a  part  of  the  colony  in  1870-71,  mapping  a  strip 
3f  country  from  the  Murohison  River  to  the  south  coast  In  1882 
Mr.  E.  T.  Hardman  reported  on  the  Kimberley  District,  and  indicated 
:he  existence  of  extensive  gold  areas  in  the  north-west,  which  have 
)ince  yielded  a  considerable  amount  of  the  precious  metal. 

The  Map  which  the  Government  Geologist  has  just  completed, 
ind  which  has  been  carefully  engraved  and  reproduced  in  chromo- 
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lithography  by  Messrs.  George  Philip  and  Son,  embodies  not  only 
the  work  of  those  earlier  geologists,  to  whose  labours  we  have  briefly 
referred  above,  bat  gives  a  vast  amount  of  information  derived 
from  careful  geological  field-work,  which  Mr.  Woodward  has 
accomplished  during  numerous  expeditions,  extending  over  tlie 
past  seven  years. 

The  largest  additional  areas  coloured  geologically  extend  from 
north  of  Pilbarra  (lat.  20^  South)  to  the  Murchison  ;  and  the  great 
area  enclosing  the  Wyndham  and  Kimberley  gold-fields  iu  the 
extreme  north-eastern  territory,  and  the  region  about  Albany,  and 
towards  Eucla  in  the  south. 

Taking  the  whole  area  of  the  colony  at  976,000  square  miles, 
about  one-half  of  this  has  now  been  provisionally  surveyed  and 
geologically  coloured  on  the  Map.  The  major  part  of  this  explored 
area  extends  along  the  coast,  and  may  be  said  to  comprise  a  belt 
about  250  to  300  miles  broad,  reaching  from  Condon,  north  of 
Pilbarra,  down  to  Cape  Howe  in  the  south,  a  stretch  of  conntry 
rather  over  1000  miles  in  length.  A  second  and  minor  area  is 
that  of  the  Kimberley  Division  in  the  extreme  north-east  of  the 
colony,  also  geologically  coloured  on  the  present  Map,  embracing  an 
area  of  probably  not  less  than  67,000  square  miles.  The  former 
and  major  area  may  be  roughly  divided  into  a  broad  belt  100  miles 
in  width,  and  600  in  length,  of  volcanic  rocks  (granite  and  basalt), 
flanked  on  the  west  by  a  band,  50  to  100  miles  broad,  of  crystalline 
schists  and  granite,  and  on  the  east  by  a  belt  of  metamorphic  rocks, 
clay  slates,  quartzites,  etc.,  in  which  the  principal  gold-fields  are 
situated.  These  highly  altered  rocks  also  extend  for  some  300  miles 
along  the  coast  to  the  east  of  Albany,  being  covered  inland  by 
sands,  limestones,  and  clays  of  Tertiary  age,  which  stretch  for  600 
miles  eastwards  to  Eucla,  and  200  miles  inland  to  the  northward 
towards  the  Uundas  and  Coolgardie  pjold- fields. 

At  Fly  Brook,  and  on  the  Collie  River,  Coal-beds,  believed  to  be 
of  Carboniferous  age  (but  possibly  younger),  occur;  and  again  on 
the  Irwin,  and  probably  on  the  Murchison  also. 

From  here  rocks  of  Carboniferous  age,  usually  fossil iferous,  extend 
in  a  northerly  direction,  about  50  miles  from  the  coast,  in  a  belt 
20  miles  wide,  and  covering  a  still  larger  area  to  the  north-east, 
and  again  making  their  appearance  on  the  south  side  of  the 
Kimberley  gold-field,  and  outcropping  along  the  edge  of  the  basalt 
flow,  between  Mt.  Elder  and  the  Antrim  Plateau.  Notwithstanding 
the  larger  area  over  which  these  formations  are  known  to  extend, 
very  few  beds  of  the  series  are  exposed,  being  but  little  disturbed  or 
faulted,  and  lying  nearly  always  in  a  horizontal  position. 

In  the  Ashburton,  Pilbarra,  and  Kimberley  Districts,  Cambrian, 
Silurian,  and  Devonian  rocks  occur,  especially  in  the  higher  ranges. 

The  Stirling  range,  to  the  north  of  Albany,  is  probably  also  of 
Silurian  age.  Chalky  limestones  with  flints  forming  the  Lower 
Cretaceous  beds  occur  at  Gingin,  50  miles  to  the  north  of  Fremantle, 
and  extend  for  GOO  miles,  more  or  less,  uninterruptedly  to  Onslow, 
on  the  Ashburton  River.     To  the  Cretaceous  age  is  also  attributed 
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the  overlying  ferragtnons  sandstones,  oonglomerates,  and  clays, 
whioh  not  only  form  the  flat-topped  coast  range,  but  streteh  away 
far  into  the  intorior,  forming  the  large  table- lands,  and  capping  the 
ranges  to  the  eastward.  This  formation  is  probably  an  extension 
westwards  of  ''  the  great  desert  sandstone  "  formation  of  the  Eastern 
Colonies.  No  fossils  have  been  found  in  these  rooks,  but  as  they 
rest  conformably  upon  true  Cretaceous  rooks,  both  here  and  in  South 
Australia,  they  have  been  classed  with  them ;  but  it  is  quite  possible 
they  may  be  of  mmh  later  age.  These  Cretaceous  rocks  are  under- 
lain by  strata  of  Jurassic  age  to  the  north  of  Champion  Bay,  from 
which  fossils  have  been  obtained  and  desoribed  by  the  late  Mr. 
Charles  Moore,  F.Q.S.,  and  also  by  Mr.  G.  C.  Crick,  F.G.S.  (in  this 
present  number  of  the  Gcologioal  Magazine). 

Although  highly  important  to  the  agriculturist,  the  Tertiary 
deposits  of  the  colony  do  not  appear,  geologically  speaking,  to  be 
of  considerable  interest  The  largest  area,  coloured  as  Cainozoic, 
is  that  of  the  Euda  division.  The  Coralline  limestones  form  the 
lower  beds  of  the  coast,  and  are  well  seen  at  Shark's  Bay  and  on 
the  islands  adjacent  These  limestones  contain  many  fossils,  and 
are  said  to  be  of  Eocene  age.  The  sand- plains  (of  Pliocene  age) 
are  a  characteristic  feature  of  Western  Australia,  extending  in  places 
from  one  end  of  the  colony  to  the  other.  The  great  sand-plains  of 
the  interior  are  not  unfrequently  20  to  30  miles  across,  but  as  they 
usually  contain  a  good  deal  of  clay  and  iron  which  cement  the  grains 
of  sand  together,  and  there  being  a  fair  rainfall,  they  are  covered 
with  a  hardy  vegetation,  and  during  the  two  spring  months  they  are 
perfectly  gorgeous  with  flowers,  and  form  good  summer  grazing- 
grounds.  These  sands  result  mostly  from  the  disintegration  of  the 
great  desert  sandstone,  which  forms  the  table- land  of  much  of  the 
interior  of  Australia. 

Add  to  these  the  Shelly  Limestones  of  the  coast ;  the  Estuarine 
and  River- valley  deposits ;  the  Raised  beaches ;  the  ancient  River- 
gravels  and  Lake-basins ;  and  we  have  a  very  fair  notion  of  the 
nature  of  the  later  deposits  of  this  colony.  In  addition  to  the  coal- 
fields, which  are  indicated  by  black  oblique  lines,  the  author  shows 
on  the  map  by  similar  means,  in  various  colours,  the  tin -fields ;  the 
lead,  copper,  and  last,  but  by  no  means  least,  the  vast  extent  of  the 
gold-fields  of  this  wonderful  colony,  which  has  lain  dormant  so  long 
waiting  for  the  master-mind  which  should  develop  it,  or,  rather, 
which  should  re-act  upon  other  minds,  and  so  stimulate  its  fellow- 
men  to  go  forth  to  colonize  this  hitherto  all  but  terra  incognita^ 
where  fortune  awaits  the  man  of  enterprise.  With  such  a  Map  to 
aid  one;  with  such  guide-books  to  direct  one's  steps;  with  so 
admirable  an  Agent-General  here  in  London  as  Sir  Malcolm  Eraser 
to  assist  one ;  with  so  energetic  a  Premier  as  Sir  John  Forrest  out  in 
Perth;  and  so  able  a  Government  Geologist  as  Mr.  Harry  Page 
Woodward,  to  advise  them  on  the  spot,  what  need  the  emigrant 
fear  who  embarks  for  Western  Australia  ?  The  climate  is  the  finest 
in  the  world,  and  the  death-rate  the  lowest 
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III. — PROCBKDnfGB    OF    THS    MaLACOLOOTOAL    SoOnETT    OW    LOVDOI. 

Vol.  L,  October,  1893— June,  1894-     8vo.  pp.  138,  10  Plitei. 
(London  :  Dnlan  &  Co.) 

THE  first  three  numbers  of  the  Proceedings  of  this  Tigorous  yoang 
Society,  whose  President  is  Dr.  Henry  Woodward,  F.R.Sm  Hb 
before  us,  and  if  they  be  any  earnest  of  the  fntare  of  tlie  Society, 
which  may  be  said  to  show  its  hand  in  them,  they  indicate  that,  if 
cheiromancy  be  worth  anything,  assuredly  the  Society's  "  line  of  life" 
will  be  long.  The  object  of  this  new  bond  between  malaoologists, 
we  learn,  is  '*  to  facilitate  the  study  of  the  Mollusca  and  Brachiopoda, 
both  recent  and  fossil,"  and  we  are  pleased  to  note  that  the  palsoD- 
tological  side  of  the  subject  is  fairly  represented  by  some  most 
valuable  and  important  papers  by  Mr.  G.  F.  Harris  and  Mr.  B.  6. 
Newton,  who  in  three  out  of  their  four  contributions  write  con- 
jointly. Their  ''Revision  of  British  Eocene  Scaphopoda"  and 
**  Revision  of  British  Eocene  Cephalopoda "  are  memoirs  that  will 
long  be  of  great  value,  even  in  these  days  of  rapidly  increasing  know- 
ledge. In  the  latter  paper  Edwards'  anomalous  genus  Belemnoni  is 
neatly  disposed  of;  for,  acting  on  a  hint  received  from  Mr.  F.  A. 
Bather,  the  authors  are  able  to  show  that  it  was  founded  on  a  rolled 
specimen  of  SpiruliroHra,  Their  paper  on  some  little  known 
Pulmonate  Mollusca  from  the  Oligocene  and  Eocene  formations  of 
England,  is,  we  think,  less  happy ;  the  authors  having  given  liring 
force  to  certain  MS.  names,  some  of  which,  considering  the  very 
fragmentary  nature  of  the  specimens,  had  better  have  been  left  in 
obscurity ;  nor  do  they  seem  yet  to  have  realized  that  Planorbis  has 
long  been  known  to  be  a  sinistral,  not  a  dextral,  genus.  It  is  to  be 
hoped  that  further  contributions  from  these  and  other  palaeontologist« 
may  be  found  in  future  numbers  of  the  Society's  Proceedings. 


IV. — Creatures  of  Other  Days.  By  Rev.  H.  N.  Hutchinson, 
B.A.,  F.G.S.  With  numerous  Illustrations  by  J.  Smidt  and 
others  (24  plates  and  full-page  illustrations,  and  79  illustrations 
in  the  text).  Pages  xv.  and  270,  8vo.  Chapman  &  Hail, 
London,  1894. 

MR.  HUTCHINSON'S  former  book,  "On  Extinct  Monsters,'* 
noticed  in  the  Geol.  Mag.  for  January,  1893,  was  a  praise- 
worthy and  successful  attempt  to  give  a  good  popular  account  of 
many  of  the  more  noteworthy  denizens  of  this  world  existing  before 
the  advent  of  Man,  and  now  known  only  by  their  fossilized  bones, 
teeth,  and  scales.  Some  of  these  relics,  formerly  gazed  at  with 
ignorant  wonder,  and  often  referred  to  as  evidences  of  prehistoric 
giants  drowned  by  the  Noachian  Deluge,  had  gradually  during  the 
last  century  been  pieced  together  into  intelligible  forms,  though 
strange  even  to  those  who  knew  something  of  the  various  modifi- 
cations of  the  animals  now  existing.  Limited  groups  of  such 
reconstructed  skeletons  have  been  frequently  used  in  Manuals  aud 
Text-books  of  Geology,  and  were  occasionally  invested  with  imaginary 
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iniegnments.  These  oreatores  in  some  InstaDoes  were,  as  far  as 
ciroumstanoes  permitted,  even  represented  by  solid  models,  such  as 
Mr.  6.  Waterhouse  Hawkins  made  of  the  little  Dendrerpeton  and 
of  the  gigantic  forms  still  visible  in  the  gardens  of  the  Crystal 
Palace. 

Tlie  advancing  science  of  palseontology,  realizing  more  and  more  of 
the  fossil  remains  of  vertebrate  animals,  as  discoveries  have  been  made 
of  late  years,  especially  in  the  North-west  Territories  of  the  United 
States,  has  rehabilitated  many  of  the  former  creatures  of  all  the 
continental  lands,  whether  they  had  been  washed  out  to  sea,  drowned 
in  lakes,  swamped  in  bogs,  or  left  in  rifts  and  caverns  of  the  solid 
rocks.  Several  of  these  were  boldly  figured  in  their  living  aspects, 
and  vividly  described  for  the  general  reader,  in  Mr.  Hutchinson's 
former  volnme,  and  its  second  edition,  including  some  very  old  and 
interesting  forms,  quaint  indeed,  and  strange  among  their  modern 
successors  and  representatives.  Not  excepting  even  those  who 
know  by  close  study  something  of  the  numerous  links  of  the 
wonderful  chain  of  life,  all  must  be  astonished  at  the  manifold  and 
ever- varying  representatives  of  the  corporeal  types  that  present 
themselves  once  more  when  the  dry  bones  seem  to  live  again  in 
the  studio  or  museum,  taking  their  relative  places  among,  or  near  to, 
the  several  kinds  of  existing  animals.  Doubtless  many  links,  still 
missing,  will  be  supplied  by  either  personal  or  national  well-directed 
research. 

How  many  such  fossils  have  been  found  and  cared  for  by  societies 
and  persons  at  home  and  abroad,  the  several  large  Museums  about 
the  world  plainly  show.  Not  least,  the  Natural -History  Branch  of 
the  British  Museum ;  and  of  this  Mr.  Hutchinson  has  especially 
availed  himself  in  enlarging  his  menagerie  of  extinct  animals  in  the 
very  presentable  volume  before  us. 

Our  friends  in  the  United  States  have  obtained  vast  collections  of 
teeth,  bones,  and  skeletons,  not  merely  with  expense  and  trouble, 
but  often  with  personal  danger  to  explorer  and  collector  in  the 
North-western  Territories.  The  talented  and  hard-working  palsBon- 
tologists  have  described  and  figured  the  remarkable  animals  restored 
from  these  bones ;  and,  years  ago,  they  had  life-sized  models 
made  of  some,  by  the  late  Mr.  B.  Waterhouse  Hawkins,  for  the 
Central  Park  of  New  York.  In  preparing,  for  the  Educational 
Department,  these  bodily  restorations  of  early  and  long-past  creatures, 
which  exact  knowledge  proves  to  have  bad  near  relationship  with 
existing  forms,  and  in  themselves  to  be  ''manifestations  of  the 
present  and  all-pervading  plan,"  Mr.  Hawkins  must  have  been 
highly  '*  gratified  in  advancing  the  means  of  educational  progress 
in  America"  (Geol  Mag.  December,  1879).  An  ignorant  Mayor  of 
New  York  City,  however,  being  told  that  the  restorations  represented 
extinct  creatures,  said  that,  if  the  Creator  had  ordained  their  extinction, 
they  should  be  extinct ;  and  this  great  magistrate  of  a  great  city  had 
the  models  extinguished  by  sledge-hammer  and  burial.  But  still 
God's  creatures  survive  in  appreciable  fossils,  and  by  books  and 
illustrations,  to  the  advantage  of  science,  and  hence,  in  many  ways. 
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to  the  welfare  of  intellectual  commnnities ;  and  fanatical  ignomwe 
has  only  damaged  the  credit  of  its  votaries.  Fibres  of  the  restored 
Hadrosaurus  and  Dryptosaurus  (Lalaps)  are  reprodaoed  in  Chap.  vii. 
in  two  plates  from  the  Central  Park  Reports  for^l 869-70 ;  that  of 
Hadrosaurus  is  also  given  at  page  488  of  J.  La  Conte's  "  Elementi 
of  Geology,"  1886. 

Still  more  strongly  may  it  he  said  of  Mr.  Hutchinson's  work 
(in  presenting  to  the  general  puhlic  so  many  exemplifications  of 
animal  variety  resulting  from  the  fixed  and  inexplicable  laws  of 
life  in  successive  ages,  long  before  Man*s  appearance  on  Earth), 
that  he  not  only  opens  up  for  many,  unthought-of  scenes  with 
strange  actors,  but  strengthens  the  intellectual  growth  of  the  rising 
generation ;  for,  the  more  that  is  known  of  the  Earth  and  its 
history,  the  broader  and  better  is  popular  knowledge  in  general, 
and  the  more  exact  and  aptly  useful  is  professional  knowledge. 

The  accepted  series  of  Geological  Formations  characteristic  of  the 
several  periods,  when  Invertebrates,  Fishes,  Reptiles,  Mammals,  and 
Man  have  been  successively  abundant  or  dominant,  is  given  in  the 
Appendix  i.  A  classification  of  Vertebrate  Animals,  in  Appendix  ii., 
shows  how  the  many  kinds,  both  existing  and  extinct,  fall  into 
order,  according  to  their  known  structure,  and  form  correlatiye 
groups,  linking  fishes,  at  the  lowest  end  of  the  scale,  to  Man  at  the 
highest  With  these  plans  or  synopses  of  nature  before  him,  the 
reader  can  better  grasp  the  meaning  of  the  author's  arrangement 
of  his  subject,  and  the  details  given  in  his  twelve  chapters. 

The  markings  left  on  mud-flats  and  other  soft  surfaces  by  various 
burrowing,  trailing,  crawling,  and  walking  animals  are  referred  to 
as  **  footprints  on  the  sands  of  time,"  in  Chap.  i. ;  those  made  by 
four-footed  animals  being  chiefly  noticed.  The  Fishes,  as  the  lowest 
of  the  back-boned  animals,  come  in  Chap,  ii.,  with  notes  as  to  their 
evidence  of  the  "  law  of  progress."  As  in  all  the  other  chapters,  the 
author  makes  careful  allusion  to  those  who  have  collected,  recorded, 
and  elucidated  the  fossils. 

The  Batrachian  and  other  Amphibia  of  the  present  day  are  the 
tropical  Ccocilians,  Illyrian  Proteus,  American  Siren,  Axolotl,  and 
Menobranchus,  Javanese  Menopoma,  European  Newts,  and  world- 
wide Frogs  and  Toads.  Of  these  the  Frog  group  is  represented 
in  the  Tertiary  formations  only ;  but,  as  Chap.  iii.  fully  shows, 
there  were  very  numerous  creatures  more  or  less  allied  to  such 
Salamanders  as  Menopoma  and  its  allies  in  foregone  periods  of 
the  Earth's  history,  when  the  Carboniferous,  Permian,  and  Triassic 
beds  were  being  formed.  Of  these  the  Archcpgosanrus  and  Labyrin' 
tJiodon  are  frequently  mentioned.  Their  sculptured  skull-bones  and 
dermal  plates,  their  teeth  with  internal  labyrinthic  structure,  and 
their  peculiar  skeletal  bones,  are  very  characteristic,  sometimes 
giving  a  salamandroid,  and  sometimes  an  elongate  fish-like  shape. 
The  different  size  of  the  well-known  Triassic  prints  of  the  fore  and 
hind  feet  at  first  suggested  a  somewhat  frog-like,  shambling  body 
(Owen) ;  and  as  such  it  appeared  in  various  text-books  in  1850-60. 
During  that  period  it  had  taken  the  more  toad-like   position  in 
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the  model  by  Mr.  B.  W.  Hawkins,^  alluded  to  at  pages  57  and  144. 
Prof.  Owen's  outline  of  the  creature  was  grossly  exaggerated  into 
an  awkward  sprawling  attitude  in  some  manuals  of  geology  about 
1865.  We  have  still  to  be  thankful  for  Owen's  suggestive  sketch 
of  such  an  animal  as  could  have  left  the  Cheirotherian  foot-prints ; 
especially  since  nothing  in  Chapters  iiL  and  iv.  explains  their 
incongruous  appearance.  The  Aetinodon,  however,  in  Plate  III. 
makes  some  approach  to  the  conditions  required.  A  special  point 
of  interest  with  regard  to  these  old  fossils  is  that  they  supply  links 
between  fish  and  reptile.  Ireland  and  Bohemia  have  more  especially 
supplied  several  well-preserved  Labyrinthodont  Amphibia,  chiefly 
from  the  Coal-measures. 

The  great  Ichthyosaurian  tyrants  of  the  Triassio,  Jurassic,  and 
Cretaceous  seas  had  relationship  to  both  fishes  and  lizards ;  and 
Chapter  iv.,  headed  *' Anomalous  Reptiles,"  treats  of  some  extinct 
creatures  allied  to  the  Amphibia  and  the  Sauria  or  ''Beptiles 
proper," — such  as  the  Dicynodan,  Oudenodan,  Tapinocephalus^ 
Oalasaurus,  and  especially  the  great  Pareiasaurus,  fdl  from  the 
Karoo  formation  of  South  Africa.  Moreover,  some  of  these  peculiar 
South- African  reptiles  possess  indications  of  having  affinity  to  the 
mammals  succeeding  them. 

The  earliest  Lizard  (or  true  Reptile)  known  is  the  Permian 
Proterosaurtu ;  the  IViassic  Bhynchosaurua  and  TeUrpeton  come 
next.  The  wonderful  Elginia  mirabilisy  with  its  diabolically  homed 
and  prickly  skull,  coming  (like  the  last-mentioned)  from  the  Trias 
of  Sa)tland,  is  said  to  be  related  to  both  labyrinthodonts  and  lizards. 

The  Crocodiles  come  next  in  order  of  animal  structure;  and 
Chap.  v.  gives  a  sketch  of  their  history.  The  earliest  were  in  the 
Trias  (the  first  formation  in  the  Mesozoic,  or  middle-life,  period) ; 
and  animals  of  the  same  type  have  survived  (that  is,  have  been 
successively  represented)  until  now,  *'  with  comparatively  little 
change  either  in  structure  or  habits,"  being  "one  of  Nature's 
persistent  types  "  ;  but  the  sharks,  nautiloid  and  nuculoid  molluscs, 
some  bracbiopods,  bivalved  crustaceans,  and  rhizopods  have  held  on 
for  a  mucb  longer  time, — even  from  the  Silurian  period.  The  land 
and  water  conditions  formerly  existing  in  the  European  area  favour- 
able for  crocodilian  life,  and  the  remarkably  abundant  co-existence  of 
crocodile,  gavial,  and  alligator  in  what  is  now  part  of  the  British  area, 
have  been  fully  described  with  the  poetry  of  simple  truth  by  the  late 
Professor  Owen,  and  quoted  by  Mr.  Hutchinson  at  pages  115  and  116. 

In  Chapters  vi.  and  vii.  are  described  several  of  the  extinct 
Reptiles  which  have  usually  a  long  neck,  big  body,  strong  hind 
legs,  and  powerful  tail,  but  always  short  front  legs  and  relatively 
small  head.  From  the  dreadful  aspect  which  our  Iguanodon, 
Hylaosaurus,  and  Megaloaaurus  were  supposed  to  have  had,  these 
creatures  were  named  Dinosaurs  (or  Deino8aurs= terrible-lizards). 
Of  late  years  their  forms  have  been  better  understood ;  and,  indeed, 
there  have  been  many  newly  discovered  examples  showing  "the 

1  Mr.  Hawkins's  sketch  of  the  Crystal  Palace  Models  was  published  in  the 
<<  Journal  of  the  Society  of  Arts,'*  No.  78,  1854. 
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definite  shapes  and  proportions  of  some  of  the  great  and  long- 
unknown  reptilian  masters  of  the  world,  whether  dignified  in  their 
monstrous  bulk  and  unused  power,  as  Herbivores,  or  domineering 
as  the  Carnivorous  tyrants  of  their  day  "  (Gkol.  Mag.  1869,  p.  566). 

Ififpsilophodony  Compsognathus,  and  HallopnB  are  the  smallest 
— the  first  about  four  feet  long,  and  the  last  "  about  the  size  of  a 
fowl,'*  and  probably  light  enough  to  hop  about.  The  larger  forms, 
such  as  Ljuanodon  in  Europe,  and  Claosaurus  and  others  in  America, 
reached  about  thirty  feet  in  length  and  fifteen  in  erect  height 
These  animals,  (like  Crocodiles)  adapted  for  both  swimming  and 
walking,  have  left  their  tracks  on  former  mud-fiats  and  sand-banks, 
as  in  Sussex  and  Connecticut  In  the  latter  district  they  are  mingled 
with  possible  bird-tracks  and  probable  labyrinthodont  footprints. 

Beginning  with  the  Trias,  they  ended  their  career  in  the  earlj 
part  of  the  Cretaceous  period ;  and  they  brought  with  them  oertain 
structural  peculiarities,  which  became  more  developed  and  specialized 
in  Birds.  The  Pterodaciyle  (flying  reptile)  and  Archaopierfx 
(reptilian  bird)  present  other  such  evidences  of  progressive  stages 
among  life-forms. 

The  *^  Ancient  Birds "  have  Chap.  viii.  to  themselves,  bringing 
the  reader  through  the  Cretaceous  period,  with  its  toothed  birds,  to 
a  few  centuries  and  less  ago  when  the  Moa,  Dodo,  Solitaire,  and 
Great  Auk  have  succumbed  to  destructive  Man. 

Chapter  ix.  begins  a  new  era  of  the  history  of  the  **  Creatures  of 
Other  Days,"  with  animals  of  the  Tapir  and  Elephant  types ;  those 
belonging  to  the  Horse,  Whale,  and  Wombat  occupy  Chapters 
X.  and  xi. ;  and  some  extinct  South-American  creatures,  and  the 
Californian  Ox,  end  the  series  in  Chapter  xii. 

The  most  advanced  and  highest  Mammals  are  doubtlessly  shown 
in  Plates  i.  and  xii.,  though  the  latter  is  placed  in  the  Dinosaur 
chapter ;  for  Richard  Owen,  Huxley,  Marsh,  Cope,  von  Zittel,  and 
Gaudry,  are  here  pourtrayed  as  representative  palaeontologists.  The 
other  numerous  illustrations  have  also  been  carefully  prepared,  and 
in  many  cases  are  artistically  good. 

Certainly  verbal  errors  (by  author  or  printer)  are  not  absent ;  and 
there  are  obscurely  elliptical  phrases,  such  as  **  the  genus  must  have 
been  as  large  as  an  ostrich t**  (p.  161).  The  author's  own  ''kind 
friends "  will  probably  have  drawn  his  attention  to  some  such 
weaknesses,  and  to  points  on  which  differences  of  opinion  are  held. 
We  need  only  say  that  the  book  is  clearly  and  pleasantly  written; 
it  is  full  of  desirable  information  well  considered  and  conveniently 
arranged.  T.  R.  J. 

DYNAMICAL    METAMORPniSM. 

Sir, — In  connection  with  my  friend  Mr.  Barker's  remarks  on 
experimental  dynamic  metamorphism,  some  of  your  readers  may 
be  interested  to  try  for  themselves  one  of  the  simplest  cases. 
Apparatus — a  teaspoon,  a  lamp,  a  sheet  of  paper,  and  a  few  crystals 
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of  Biaiodide  of  Mercury.  Heat  the  scarlet  crystals  in  the  teaspoon 
over  the  lamp ;  they  become  pale  yellow.  Place  them  on  the  paper, 
and  rub  them  with  the  thamb-nall,  and  they  become  scarlet  again. 
They  are  now  reduced  to  a  red  powder  colouring  the  paper.  Pass 
the  paper  to  and  fro  over  the  lamp,  the  scarlet  instantly  turns  yellow. 
Attempt  to  rub  the  powder  off  by  passing  the  paper  over  the  carpet, 
the  paper  instantly  turns  red  again. 

Miller  explains  the  change  from  yellow  to  red  as  follows:^ 
V  Warrington  has  shown  that  this  change  of  colour  depends  upon 
a  change  in  the  molecular  constitution  of  the  salt,  in  consequence 
of  which  the  rhomboidal  crystals  are  converted  into  octahedra  with 
a  square  base."  This  alone  would  be  sufficiently  perplexing,  but 
the  changes  seem  capable  of  being  produced  over  and  over  again, 
and  we  have  simply  to  alternate  thermal  and  dynamic  metamorphio 
processes  to  produce  the  yellow  biniodide  and  the  scarlet  biniodide 
of  mercury  at  pleasure.  If  these  things  may  be  done  in  the 
drawing-room,  what  may  not  thermal  and  dynamic  metamorphism, 
alone  or  combined,  effect  in  the  laboratory  of  nature  ? 

One  more  possible  case.  In  using  the  soldering  iron  (which  iron 
is  always  copper)  a  very  moderate  temperature  is  essential  to  keep 
the  solder  on  the  face  of  the  clean  copper,  a  temperature  far  below 
that  requisite  to  melt  copper  with  tin  to  produce  one  of  the  copper- 
tin  alloys ;  yet  occasionally  the  soldering  iron  will  show  streaks  of 
yellow  gnn-metal.  An  amateur  in  his  attempts  at  soldering  is  apt. 
to  press  the  soldering  iron  heavily  on  his  work,  and  it  seems  possible 
that  the  alloy  indicated  on  the  iron  may  arise  from  insufficient  heat 
being  reinforced  by  equally  insufficient  pressure ;  the  two  combined 
being,  however,  sufficient  to  produce  an  alloy  of  copper  and  tin. 
If  this  be  so  we  have  in  the  soldering  iron  a  case  of  thermal  and 
dynamic  metamorphism  in  combination,  just  as  in  the  biniodide  of 
mercury  we  have  thermal  and  dynamic  metamorphism  in  alternation. 

A  friend  employed  on  the  Manchester  Ship  Canal  once  sent  me  a 
specimen  of  red  sandstone  from  a  slickenside.  At  the  plane  of 
contact  and  pressure  the  red  colour  is  entirely  discharged,  and  the 
stone  apparently  porcellanized.  The  depth  to  which  the  meta- 
morphio action  extends  is  so  very  slight,  sometimes  less  than  -^th 
of  an  inch,  that  the  metamorphosis  would  seem  due  to  pressure 
rather  than  heat,  as  it  is  difficult  to  understand  how  pure  thermal 
action  could  be  restricted  to  such  a  mere  film. 

ToKQUAT,  I6th  June,  1894.  A.  R.  HuNT. 

SHELLS  FKOM  PORTLAND  RUBBLE  DRIFT. 

Sib, — I  had  the  pleasure  of  several  hours  work  in  June  last  at  the 
Hubble  Drift  at  Portland,  both  at  Chesilton  and  at  the  Bill. 

I  was  not  able  to  obtain  any  recent  shells  from  the  Chesilton 
Hubble ;  but  I  would  remark  on  the  enormous  angular  and  sub- 
angular  blocks  of  Portland  oolite  that  occur  in  this  section  at  various 
horizons,  the  whole  of  the  material  being  unsorted,  and  therefore 
having  been  accumulated  by  more  or  less  rapid  aggregation  of 
material  in  a  comparatively  brief  space  of  time. 
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At  Portland  Bill,  in  the  loam  or  loess  between  strata  of  angular 
dibris  from  the  Middle  Parbecks,  I  found  an  interesting  oollectioa  of 
land  and  fresh-water  shells.  Mr.  Edgar  A.  Smith,  of  the  British 
Museum  (Natural  History),  has  kindly  determined  the  species  for 
me.     They  are : — 


I^tpa  mutcorum  (Linn.)     56  spedmem. 
Cyelostoma  elegana      ...       1         „ 
Pitidiumf  sp.       ..«     ...       1        „ 


Sueeinea  oblonga  (Drap.)  41  specimens. 
Zimnaa  peregra  (Linn.)       4 
Helix  kitpida  (Linn.)  ...       1 

Melix  pulehella 5 

lliese  shells  are  entire,  but  very  brittle.  A  great  many  broke  to 
pieces  in  the  prooess  of  washing  out,  and  reduced  my  spoils.  The 
Cyclostoma  was  dug  out  of  a  large  block  of  fallen  loam  by  my  wife, 
but  in  such  a  position  as  left  no  doubt  of  its  genuineness.  Fifteen 
of  the  P.  muscorum  are  immature  specimens;  two  of  them  have 
only  two  whorls.  Professor  Prestwich  has  hitherto  only  found  the 
operculum  of  Cydostoma  at  the  Battery,  Folkstone,  and  H,  hispida 
and  iTl  ptUcheUa  at  the  same  place.  Piaidium  does  not  occur  in  his 
lists  of  Rubble  Drift  Shells  as  given  in  the  Raised  Beach  paper 
(Quart.  Joum.  Gteol.  Soc.  1892,  vol.  xlviii.),  and  of  the  above  list  only 
S.  oblonga,  L,  peregra,  and  P.  mfiacorum  are  named  from  Portland 
Bill.     I  also  found  four  specimens  of  lAttorina  litorea  in  the  Rabble 


1.  Angular  Drift  i 

2.  Loam  with  Pupa,  etc.    2 

3.  Angular  Drift.  3 

4.  Loam  with  Pupa,  etc. 

6.  Small  Angular  Drift, 

6.  Raided  Beach. 

7.  Saud,  etc. 

8.  Raised  Beach. 

Section  of  the  Rubble- Drift,  Portland. 

Drift,  one  at  a  height  of  4^  feet  above  the  raised  beach,  from 
which  they  have  probably  been  derived.  A  large  piece  of  mammalian 
bone  also  occurred  at  the  bottom  of  the  second  seam  of  angular 
Rubble  Drift,  at  (a),  and  which  is  only  slightly  adherent  to  the  tongue. 
I  give  a  rough  sketch  of  the  section. 

Shorbham  Vicakaoe,  Kent.  R.  ASHINGTON  BuLLEN. 

Geological  Survey  of  India. — We  are  glad  to  announce  that 
Major  C.  L.  Griesbach,  C.I.E.,  F.G.S.,  has  been  appointed  (July 
17th)  Director  of  the  Geological  Survey  of  India,  after  about  twenty 
years  service,  vice  Dr.  Wm.  King,  F.G.S.,  retired. 

Errata : 
Geol.  Mao.  August  Number,  pp.  337  and  339,  for  Kanoput  read  Nawput.^ 
0.  C.  Marsh. 
Ibid.  p.  364,  line  19  from  bottom,  for  Triat  read  Permian. — ^A.  Irring. 
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L — On  a  Collection  of  Jurassio  Cephalopoda  fboh  Westebn 
Australia — Obtained  by  Harbt  Page  Woodward,  F.Q.S., 
Government  Oeolooist — with  Deboriptions  of  the  Speoies. 

By  G.  C.  CaiCK,  A.R.S.M.,  F.G.S., 
of  the  British  Museom  (Natural  Hiitorj): 

(PLATE  XIII.) 
(Continusd  from  the  September  Number^  p.  393.) 

Ammonites  (Spbarooeras,  Bayle). 

Ammonites  (Spharoeeras  ?)  Woodwardi,^  sp.  nov.     (PL  XII. 

Figs.  6a  and  b.) 

Sp.  ehar. — Shell  (cast)  discoidal,  somewhat  inflated,  rather  rapidly  inereaang. 
Whorls  somewhat  inflated,  yery  convex  on  the  periphery,  less  conyex  on  the  sides, 
rounded  near  the  umhilicus.  Umhilicus  moderately  wide,  occupying  nearly  one-third 
of  the  diameter  of  the  shell.  Numher  of  whorls  and  amount  oi  inclusion  unknown. 
Height  of  outer  whorl  rather  more  than  one-third  of  the  (tiameter  of  the  shell. 
Each  whorl  ornamented  with  about  20  short,  thick,  umbilical  ribs,  each  of  which 
commences  at  the  suture,  extends  radially  or  with  a  yery  slight  forward  inclination 
oyer  one-fourth  of  the  width  of  the  lateral  area,  ana  tenninates  in  a  radially- 
elongated  tubercle.  Each  tubercle  gives  rise  to  three,  or  more  rarely  to  two, 
Fubangular  ribs  (in  the  cast),  which  pass  uninterruptedly  oyer  the  periphery.  There 
are  about  48  of  these  ribs  to  a  whorl ;  at  the  peripnery,  the  interspaces  are  twice  the 
width  of  the  ribs.  Length  of  body-chamber  unkno?m.  Margm  of  the  aperture 
prominent,  proyided  on  each  side  with  an  apophysis.  Septa  and  suture-line 
unknown.    Test  not  preserved. 

JHrnetuiorui — 

Diameter  of  the  sheU   60  mm. 

Width  of  umbilicus     20     „ 

Height  of  last  whorl ,.  22     „ 

Thickness  of  last  whorl 16+ » 

Since  the  fossil  has  been  somewhat  distorted,  these  dimensions  must  be  considered 
only  as  approximate ;  the  height  of  the  outer  whorl  has  probably  been  somewhat 
increased,  whilst  the  thickness  of  the  whorl  has  been  considerably  reduced. 

Bemarks, — ^The  only  example  representing  this  species  is  a  ratlier 
crushed  natural  cast  of  the  greater  portion  of  the  outer  whorl, 
much  abraded  on  one  side.  The  inner  whorls  are  not  visible,  and 
unfortunately  there  is  no  trace  of  the  suture-line.  A  portion  of  the 
&iouth- border  is  preserved,  and  there  are  remains  of  the  prominent 
base  of  one  of  the  lateral  apophyses. 

*  Not  Ammonites  Woodwardi,  H.  G.  Seeley,  Ann.  Mag.  Nat.  Hist.  [3],  vol.  xvL 
2866,  p.  236,  pi.  xi.  f.  3,  which  probably  belongs  to  the  section  Iloplites,  Neumayr. 
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Affinities  and  differences. — In  its  general  form  and  ornamentation  thii 
species  closely  resembles  Ammonites  Sauzei,  d'Orbigny  (Pal.  Franq. 
Terr.  Jur.  vol.  i.  1842»  p.  407,  pi.  cxxxix.).  A  specimen  of  the  latter 
from  the  Inferior  Oolite  of  Sherborne,  Dorset  (Brit.  Mus.  No.  C.  3230), 
61  mm.  in  diameter,  gives  the  following  measurements :  Width  of 
umbilicus,  19  mm. ;  height  of  outer  whorl,  24  mm. ;  thickness  of 
outer  whorl,  30  mm.  Allowing  for  the  compression  of  the  Anstndian 
specimen,  d*Orbigny's  species  was  probably  a  more  inflated  shell 
with  somewhat  coarser  ornaments  and  fewer  umbilical  ribs  (14-15). 

In  its  sculpture  Ammonites  Bainiif^  Sharpe,  from  Sunday  Biver, 
S.  Africa,  somewhat  resembles  the  present  species,  but  it  has  mach 
more  inflated  whorls,  and  a  narrower  and  deeper  umbilicus. 

From  such  forms  as  Ammonites  biplex,*  J.  Sowerby,  the  present 
species  is  at  once  distinguished  by  the  presence  of  a  tubercle  at  the 
point  of  bifurcation  of  each  umbilical  rib. 

In  proposing  fpr  the  Aastralian  form  the  specific  name  Woodwardi, 
the  writer  has  great  pleasure  in  associating  with  the  fossil  the  name 
of  Mr.  H.  P.  Woodward,  Grovemment  Geologist,  Western  Australia. 

Locality. — Champion  Bay,  Western  Australia. 

Ammonites  (Spharoceras)  semiomatus,  sp.  nov.   (PL  XIII.  Figs,  la,  h.) 

1870.     Ammonites  Broeehiiy   C.   Moore,   Quart.    Joum.    Geoi.    Soc.  toI.  nri. 
pi.  lY.  f.  4. 

Sp.  char. — Shell  discoidal,  somewhat  inflated;  greatest  thickness  at  a  point 
distant  from  the  umhilicus  ahout  one -third  of  the  width  of  the  lateral  area,  about 
one -third  of  the  diameter ;  height  of  outer  whorl  about  one- third  of  the  diameter 
of  the  shell.  Whorls  six;  inclusion  two-thirds,  diminishing  considerably  in  the 
outer  whorl,  so  that  at  the  commencement  of  the  outer  whorl  the  inclusion  is  not 
one-half ;  umbilicus  wide,  rather  deep,  expo.sinu:  the  inner  area  of  the  whorU. 
Suture-line  imperfectly  seen,  and  deptu  of  t;hambers  unknown.  Whorl  lunate  in 
section  at  base  of  body-chamber,  and  about  as  wide  as  high,  becomin?  at  the 
anterior  part  of  the  body-chamber  more  elliptical  in  section,  and  rather  higher  than 
wide ;  periphery  convex,  forminjx  a  continuous  curve  with  the  sides ;  inner  area 
slopinjr  towards  the  umbilicus,  feebly  convex.  Each  whorl  ornamented  with  alK>ut 
twenty-two  primary  ribs,  slightly  curved  and  lorwardly  inclined,  extending  from  the 
suture  over  about  one-third  of  the  width  of  the  lateral  area  ;  each  then  dividin;r  into 
three,  or  more  rarely  into  two,  less  prominent  rihs  which  cross  the  periphery  without 
interruption,  the  number  of  these  peripheral  ribs  being  about  sixty-nine  to  a  whorl. 
Up  to  the  point  where  the  diameter  of  the  umbilicus  is  8  mm.  the' inner  area  of  the 
whorls  (as  seen  within  the  umbilicus)  is  quit^  smooth. 

Dimensions: — 

Diamot^T  of  shell 61     mm. 

Width  of  umbilicus 22-5    „ 

Heiirht  of  outer  whorl 20       ,, 

Thickness  of  outer  whorl 17'6    ,, 

The  specimen  from  which  the  above  measurements  were  taken  has  a  maiimura 
diameter  of  64  mm.,  but  at  this  diameter  the  other  dimensions  cannot  be  «o 
accurately  det(Tmine<l.  The  anterior  portion  of  the  body-chamber  appears  to  be 
slightly  crushed,  so  that  the  thickness  of  the  outer  whorl  as  given  above  is  probably 
too  small. 

Remarks. — The  description  given  above  is  based  upon  a  single 

1  Trans.  Geol.  Soc.  [2],  vol.  vii.  1847,  p.  197,  pi.  xxiii.  f.  2.  Pavlow  (Buli. 
Soc.  Imp.  Nat.  Moscow,  n.s.  vol.  v.  1892,  p.  493)  places  this  species  in  a  dinsion 
{Asiieria)  of  Neumavr's  genus  Olcostephanus. 

*  Min.  Con.  vol.  lii.  p.  168,  pi.  ccxciii.  1821. 
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specimen  64  mm.  in  diameter.  It  is  a  nataral  oast^  and  bears  only 
fragments  of  the  test ;  its  outer  whorl  appears  to  have  been  occupied 
by  the  body-chamber,  traces  of  the  septa  being  seen  at  the  commence- 
ment of  this  whorl. 

Having  examined  the  specimen  figared  by  Moore  as  Ammonites 
Brocchii,^  I  believe  it  is  to  be  referred  to  the  present  species.  Its 
dimensions  are  as  follows : — 

Diameter  of  shell 92  mm. 

Width  of  umbilicus 33    „ 

Height  of  outer  whorl  about    33    ,, 

The  thickness  of  the  outer  whorl  at  a  diameter  of  72  mm.  is 
36  mm. ;  beyond  this  point  the  specimen  is  much  crushed.  The 
shell  is  somewhat  distorted,  so  that  the  width  of  the  umbilicus  is 
probably  exaggerated.  Its  suture-line  cannot  be  made  out,  but 
around  the  umbilicus  can  be  seen  the  compressed,  forwardly-inclined, 
short  primary  ribs,  each  giving  rise  to  three  or  four  prominent  ribs, 
which  pass  without  interruption  over  the  peripheral  area. 

To  the  present  species  may  also  probably  be  referred  a  specimen 
(No.  C.  4709)  in  the  British  Museum  (Nat.  Hist),  from  "the 
Greenough,  Champion  Bay,  Australia."  It  is  part  of  a  specimen 
127  mm.  in  diameter ;  the  inner  whorls  up  to  a  diameter  of  25  mm. 
are  fairly  well  preserved,  the  innermost  being  perfectly  smooth ; 
about  hfdf  of  the  outer  whorl  is  present  and  in  fair  condition,  and 
shows  the  compressed  umbilical  tubercles  or  short  prominent  primary 
ribs,  each  branching  into  three  less  prominent,  but  well-marked,  ribs, 
which  cross  the  periphery  without  interruption.  On  the  anterior 
half  of  the  outer  whorl  the  primary  ribs  are  more  forwardly-inclined 
than  on  the  posterior  half.  A  projection  on  the  lateral  area  at  the 
anterior  extremity  of  the  specimen  may  be  a  portion  of  the  pro- 
minent mouth-border.  The  sculpture  of  the  posterior  part  of  the 
outer  whorl  greatly  resembles  that  of  the  large  specimen  from 
Cape  Riche,  which  I  have  referred  to  Ammonites  {Perisphinctea) 
Championensis  (see  p.  436),  but  the  latter  appears  to  have  been  a 
more  inflated  shell. 

Affinities  and  differences. — J.  Sowerby's  type- specimens  of  Am- 
monites Brocchii  ^  are  much  more  inflated  than  the  present  species, 
whilst  the  type-specimen  of  Ammonites  Brodiai  ^  of  the  same  author 
has  more  distinct  and  somewhat  larger  primary  ribs  and  very  pro- 
minent tubercles  at  the  points  of  subdivision  of  the  primary  ribs. 
Ammonites  contractus*  of  J.  de  C.  Sowerby  is  a  much  more  inflated 
shell  with  a  smaller  umbilicus.  D'Orbigny's  figure  of  Ammonites 
linguiferus*  repreesnts  a  more  inflated  shell,  with  more  numerous 
ribs  and  more  prominent  lateral  tubercles;  and  Ammonites  dimorphus  ^ 
of  the  same  author  has  fewer  whorls,  a  differently-formed  umbilicus, 
and  its  whorls  bear  constrictions  at  nearly  regular  intervals. 

^  Quart.  Joum.  Geol.  Soc.  vol.  xxyi.  (1870),  pi.  iy.  f.  4. 

a  Min.  Con.  vol.  ii.  p.  233,  pi.  202,  both  Am.  [Brit.  Mus.  No.  43906]. 

«  Min.  Con.  toI.  iv.  p.  71,  pi.  361  [Brit.  Mu8.  No.  4390oJ. 

*  Min.  Con.  vol.  v.  p.  162,  pi.  600,  f.  2. 

»  Pal.  Fran9.  Terr.  Jur.  toI.  i.  pi.  136. 

»  Pal.  Fran9.  Terr.  Jur.  toI.  i.  pi.  141. 
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Compared  with  AmmoniteB  Oervilliif  J.  Sowerby/  [^imiioiiti^ 
Brongniartn  {pars)y  A.  d'Orbigny,*]  the  Australian  fossil  is  leu 
inflated  and  differently  ornamented,  whilst  the  greater  indusion  of 
its  whorls,  its  narrower  umbilicus,  and  the  smoothness  of  its  inner 
whorls  distinguish  it  from  AmmaniteB  polymenu,  W.  Waagen' 
\^Ammonite8  Brongniartii  (pars)  d'Orbigny].* 

The  British  Museum  Ck)lleotion  contains  examplee  of  an  apparently 
imH escribed  species  from  the  Inferior  Oolite  of  Dnndry,  Somerset, 
which  resemble  the  present  species  most  closely;  they  haTe,  how- 
ever, a  somewhat  larger  umbilicus,  finer  ornaments,  and  their  inner 
whorls  (as  seen  within,  the  umbilicus)  are  distinctly  ribbed,  evea 
where  the  umbilicus  has  a  diameter  of  only  2-5  mm. 

Locality. — Champion  Bay,  Western  Australia. 

Ammonites  (Pkbisphinotks,  W.  Waagen). 
Ammonites  {Perisphinctes)  ChampionensiSf  sp.  nov.     (PL  XIIL 

Figs.  2  a,  b,  and  c.) 

Sp.  char. — Shell  (cast)  discoidal,  with  somewhat  inflated  whorls;  greatest  thick- 
ne»M  near  the  margin  of  the  umbilicus,  exact  thickness  unknown ;  outer  whorl  about 
two- tilths  of  the  diameter  of  the  shell  in  height.  Number  of  whorls  not  seen; 
iuclusiou  (in  the  outer  whorl)  about  three-fifths;  umbilicus  not  yeiy  deep,  wide, 
about  one-third  of  the  diameter  of  the  shell  in  width.  Whorl  somewhat  oral  or 
almost  lunate  in  section,  probably  wider  than  high ;  indented  to  about  two-fifths 
of  its  height  by  the  preceding  wnorl ;  periphery  probably  narrowly  conyex ;  sides 
convex ;  inner  area  steep,  almost  perpendicular,  slightly  conyex.  Chambers  shallow. 
Suture-line  rather  complex,  incompletely  known;  outer  saddle  only  partly  knoim ; 
the  lire>t  lateral  lobe  deep,  narrow,  mfid ;  the  first  lateral  saddle  much  broader  than 
the  fir>t  lateral  lobe,  divided  into  four  principal  branches,  that  forming  the  most 
anterior  portion  of  the  suture-line  being  again  divided  by  a  secondary  looe  into  two 
branch ^-.  the  outer  of  which  is  again  subdivided  by  a  small  lobe  ;  the  second  lat^al 
lobe  ."^rarcely  one-half  the  size  of  the  first  lateral  lobe,  indistinctly  trifid,  the  median 
porti'iu  boiuu  verv  short;  the  second  lateral  saddle  small,  divided  by  a  small  lobe 
into  two  uueiiual  branches,  the  inner  of  which  is  again  suMivided  by  a  minnte  loW; 
hi  twien  the  second  lat<Tal  saddle  and  the  suture  of  the  shell  three  auxiliary  lobes  and 
saddles.  Each  whorl  ornament^id  with  about  nineteen  or  twenty  compressed,  not 
vcn-  eh'vated,  .^hort  ribs,  or  radially  elongated  tubercles,  each  giving  rise  to  three  or 
lour  rounded,  slightly  elevat^xl  ribs,  thirty-eight  of  which  can  be  counted  in  half  a 
whorl,  the  interspaces  being  of  about  the  same  width  as  the  ribs. 

Diameter  of  the  shell about  116  mm. 

AVidth  of  umbiliciLs    39    ,, 

IIHsrht  of  outer  whorl  about  45    ,, 

Thickness  of  outer  whorl .* (F)    ,, 

The  thickness  of  the  outer  whorl  cannot  be  ascertained,  since  only  one  side  of  the 
specinitju  is  i)reserved. 

Remarks. — The  above  diagnosis  has  been  drawn  up  chiefly  from 
a  natural  cast  about  115  mm.  in  diameter,  consisting  of  one  side  of 
the  outer  whorl  fairly  well  preserved,  bearing  fragments  of  the  test 
and  exhibiting  the  greater  part  of  the  suture-line  ;  the  inner  whorls 
are  not  preserved.     The  collection,  however,  includes  another  speci- 

'  Min.  Con.  vol.  ii.  p.  189,  pi.  clxxxiv.  a,  fig.  3. 
'  Pal.  Fr.in(j.  Terr.  Jur.  i.  p.  403,  pi.  137,  ft.  3,  4  {non  ff.  1,  2,  6). 
3  V^'hvT  die  Zone  des  Ammonites  Sowerbyi^  Benecke's  Geogn.-palaont.  Beitriige, 
vol.  i.  1),  ♦U».5. 
<  l>al.  Fran9.  Terr.  Jur.  i.  p.  403,  pi.  137,  fE.  1,  2  {non  ff.  3,  4). 
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men,  probably  referable  to  tbis  species,  wbioh  exhibits  a  portion  of 
the  suture-line  that  supplements  in  a  certain  degree  the  suture-line 
of  the  example  selected  as  the  type.  The  collection  also  contains, 
from  "  Cape  Riche,  about  50  miles  E.  of  Albany,*'  a  large  specimen 
160  mm.  in  diameter,  which  is  probably  a  more  mature  example  of 
this  species.  It  consists  of  the  outer  whorl  only.  Although  its 
suture- line  cannot  be  made  out,  its  general  form  resembles  that  of 
the  present  species  so  closely  that  it  is  referred  to  this  species. 

The  present  species  appears  to  be  represented  in  the  British 
Museum  Collection  by  a  crashed  and  distorted  portion  of  the  outer 
whorl  of  an  example  from  "the  Greenough,  Champion  Bay,"  about 
110  mm.  in  diameter  (No.  C.  4708).    It  bears  fragments  of  the  test. 

Probably  to  this  species  may  also  be  referred  an  example  in  the 
collection  of  Western  Australian  fossils  in  the  Bath  Museum.  It 
is  labelled  ^*  Ammonites  macrocephalus" ;  but  is  not  the  specimen 
figured  by  Moore.  It  has  the  following  dimensions :  Diameter  of 
shell,  109  mm. ;  width  of  umbilicus,  37  mm. ;  height  of  outer  whorl 
above  preceding  whorl,  27  mm. ;  thickness  of  outer  whorl,  40  mm. ; 
width  (as  seen  within  the  umbilicus)  of  the  penultimate  whorl  at  the 
greatest  diameter  of  the  shell,  12  mm.  The  body-chamber  com- 
mences where  the  shell  has  a  diameter  of  88  mm.,  and  therefore 
occupies  nearly  a  whorl. 

Affinities  and  differences, — This  species  greatly  resembles  Ammonites 
Cautleyi,^  Oppel,  from  the  Jurassic  rocks  of  Laptel,  in  Onari-Khorsum, 
Thibet;  but  Oppel's  species  possesses  constrictions  and  is  a  more 
compressed  shell.  Unfortunately  the  suture-line  is  not  available  in 
Oppel's  species  for  comparison.  Compared  with  Ammonites  albineus,'^ 
Oppel,  from  the  Oxfordian  of  Wiirtemberg,  the  Australian  species 
is  more  robust  and  has  a  different  suture-line.  In  Oppel's  species, 
moreover,  the  ribs  which  cross  the  periphery  disappear  at  a  diameter 
of  75  mm.,  but  they  are  quite  distinct  in  the  Australian  specimen  at 
a  diameter  of  110  mm.  The  present  species  differs  from  Ammonites 
polymorphus,^  d'Orbigny,  from  the  Inferior  Oolite,  in  having  more 
inflated  whorls,  larger  and  fewer  tubercles  around  the  umbilicus, 
and  ribs  which  are  uninterrupted  on  the  peripheral  area.  Although 
somewhat  resembling  Perisphinctes  obtusicosta  *  and  Perisph.  para^ 
morphus,*  Waagen,  from  the  Callovian  of  Cutch,  the  Australian 
species  has  much  finer  ornaments  and  a  very  different  suture-line. 

The  general  arrangement  of  the  suture-line  is  not  unlike  that  of 
Olcostephanus  Brancoi,^  Neumayr  and  Uhlig,  but  the  lattter  is  a  more 
inflated  and  more  coarsely  ornamented  species.  The  ornamentation 
of  the  present  form  agrees  somewhat  closely  with  that  of  Olco- 
stephanus  Keyserlingi,"^  Neumayr  and  Uhlig,  but  the  suture-line  of 

»  Pal.  Mittheil.  p.  279,  pi.  Ixxviii.  figs,  la,  b ;  2a,  b. 

*  Ibid,  J.  161,  pi.  1.  figs.  3a,  b. 

»  Pal.  FraD9.  Terr.  Jur.  toI.  i.  1842,  p.  379,  pi.  cxxIy. 

*  Pal.  Indica,  Jurassic  Fauna  of  Cutch,  vol.  i.  (Cephalopoda),  p.  HG,  pi.  ixxviii. 
figs,  la,  b;  2 ;  3a,  b. 

*  Ibid.  p.  162,  pi.  xlvi.  figs,  la,  6;  2a,  6;  pi.  ihii.  fig.  3. 
'  PalsBontograpmca,  yol.  xxvii.  p.  156,  pi.  irn,  fig.  1. 

'  Ibid,  p.  166,  pi.  xxvu.  Jgs.  1-3. 
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the  latter  dififers  considerably  from  that  of  the  Australiaii  speoies. 
Ammonites  polyptychut,^  Keyserling,  resembles  the  Australian  species 
in  its  external  form,  but  is  distinguished  by  its  dichotomoas  ribs 
and  the  form  of  its  suture-line.  Ammonites  arbustigerus,*  d'Orbigoj, 
occurring  in  the  Bathonian  of  France,  is  a  closely  allied  species; 
but  the  Australian  form  is  distinguished  by  the  greater  prominence 
of  its  short  umbilical  ribs,  by  its  finer  sculpture,  and  by  its  sutare- 
line.  Tlie  sculpture  of  the  shell  and  the  form  of  the  suture-line 
distinguish  the  present  species  from  the  form  figured  by  d*Orbigny 
as  AmmoniieB  planula '  from  the  Bathonian  of  Franoe. 

IrOca/t7te«.--Champion  Bay ;  Cape  Biche,  E.  of  Albany,  Western 
Australia. 

Ammonites  (Perisphinctes)  rohiginosuSf  sp.  nov.     (PI.  XTTT. 

Figs.  3  a  and  6.) 

Although  a  complete  diagnosis  of  the  species  cannot  be  given  the 
following  characters  may  be  noted  : — 

Shell  (oast)  discoidal,  rather  widely  ambilicated ;  its  greatest  thickness  at  a  abort 
distance  from  the  inner  edge  of  the  whorl,  ahont  two-sevenths  of  the  diameter  of  the 
shell :  height  of  outer  whorl  about  equal  to  its  thickness.  Umbilicus  wide,  prohablj 
about  three-sevenths  of  the  diameter  of  the  shell  in  width.  Whorl  obtuselv  cordate 
in  section,  about  as  wide  as  high  ;  indented  to  about  one-fourth  of  its  heiglit  by  the 
]>re('tHUug  whorl ;  periphery  rather  broadly  convex ;  sides  somewhat  flattened, 
8l()])iug  away  from  tne  periphery ;  inner  area  sloping  towards  the  nmbillnis.  The 
cast  is  ornamented  with  a  number  of  primary  umbilical  ribs,  or  very  compressed, 
(elongated  tul)ercles,  having  a  decided  forward  inclination :  each  primary  rib  dividet 
into  three  secondary  rounded  ribs,  which  cross  the  periphery  without  mtemiption, 
and  are  separated  by  interspaces  of  rather  more  than  their  own  width. 

Ecmarks, — This  species  is  represented  by  a  portion  of  the  outer 
whorl  of  an  example  of  about  160  or  170  mm.  in  diameter.  It  is 
a  natural  cast  in  a  ferruginous  matrix;  one  side  is  fairly  well 
preserved ;  the  other  is  crushed  and  much  weathered.  It  exhibits 
lio  trace  of  the  suture-line.  Its  extreme  length  measured  along  the 
nieriian  line  of  the  periphery  is  about  200  mm.,  the  radius  of 
curvature  of  the  periphery  being  about  86  mm.  In  a  length  of 
173  mm.  along  the  periphery  there  are  21  peripherial  ribs,  which 
are  connected  with  7  primary  ribs.  The  latter  are  about  12  nun. 
apart,  whilst  the  secondary  ribs  have  a  thickness  of  about  3  mm., 
the  inter8paces  being  a  little  wider  than  the  ribs. 

Afflnities  and  differences, — The  present  species  is  very  nearly 
related  to  Ammonites  Wagneri^  Oppel,*  from  the  Bathonian  of 
France,  but  the  primary  ribs  of  the  Australian  fossil  are  straighter, 
more  prominent,  and  trifurcate  more  regularly.  Compared  with 
d'Orbigny's  figures*  of  Ammonites  Panderi,  Eichwald,  Uie  present 

>  Petschora-Land,  1846,  p.  327,  pi.  xxi.  fip:8.  1-3 ;  pi.  xxii.  fig.  9. 

*  I'al.  Franc,'.  Terr.  Jur.  vol.  i.  1842,  p.  414,  pi.  cxiiii. 

3  Pal.  Franc;.  Terr.  Jur.  vol.  i.  1842,  p.  416,  pi.  cxliv.  According  to  OpH 
(Jnrat«)rmatiou,  p.  477),  d'Orbigny's  figure  does  not  represent  Hehrs  Anuf^- 
planula  ;  hu,  therefore,  alters  the  name  of  d'Orbigny's  species  to  Wogmri. 

*  A.  Oppel,  Die  Juraformation,  1856-68,  p.  477  lAmmonites planuia,  d'Orbifrny. 
Pal.  Franc,'.  Terr.  Jur.  vol.  i.  p.  416,  pi.  cxliv.  {noN  Ilehl)]. 

*  D'Orhignv,  in  Murchison,  de  Vemeuil  and  de  Keyserliug,  G6ologie  de  la  Rua^ie 
d*  Europe  et  des  raoutagnes  de  I'Oural,  vol.  ii.  1846,  p.  430,  pi.  xxiiii.  figs.  1-a 
(tigs.  1,  2  especially). 


from  Western  Australia.  439 

species  has  the  primary  ribs  proportionately  nearer  together,  and 
the  secondary  ribs  proportionately  finer.  Its  primary  and  secondary 
ribs  are  straighter  than  in  Ammonitea  uralensis,  d'Orbigny/  and  cross 
the  periphery  without  interruption. 

Locality. — Champion  Bay,  Western  Australia. 

Of  the  fossils  referred  to  in  the  foregoing  descriptions  the 
Belemnites,  Nautilus,  and  Ammonites  (Dorsetensia)  are  preserved 
in  a  yellowish  limestone,  the  Ammonites  (Stephanoceras)  sp.  and 
Ammonites  {Feriaphinctes)  rohiginosus  in  a  highly  ferruginous  matrix, 
and  the  rest  in  a  red  or  red  and  yellow  limestone,  but  the  specimens 
are  not  accompanied  by  any  notes  on  the  sequence  of  the  beds 
from  which  they  were  obtained.  The  Mesozoic  rocks,  however, 
in  the  portion  of  Western  Australia  whence  the  fossils  were  derived, 
have  been  described  by  Mr.  H.  Y.  L.  Brown  in  his  ''Keport  on 
a  Geological  Exploration  of  that  portion  of  the  Colony  of  Western 
Australia  lying  southward  of  the  Murchison  River  and  westward 
of  Esperance  Bay."  Referring  to  the  rocks  of  the  ''Mesozoic  or 
Secondary  Epoch — Oolitic  Period,"  Mr.  Brown  says:  "The  character 
of  the  strata  belonging  to  this  period  may  be  described  as  follows : 
Beds  of  highly  ferruginous  clay,  stone,  or  shale,  sandstones,  grits, 
conglomerates,  clays,  and  limestone,  placed  in  horizontal  layers 
upon  the  older  rocks,  which  originally  they  must  have  almost 
entirely  covered,  but  have  since  been  cut  into  and  denuded  to  a 
great  extent  from  off  them,  in  such  manner  as  to  leave  tablelands, 
isolated  table  hills,  and  peaks  with  steep  escarpment^  and  slopes. 
Their  average  elevation  is  about  600  feet  above  sea-level.  The 
surface  of  this  formation  is  generally  coated  with  a  deposit  of 
sand,  arising  from  the  weathering  of  the  sandstones,  the  larger 
areas  being  known  by  the  name  of  sand  plains.  There  are  two 
principal  areas  occupied  by  this  formation.  The  first,  which  varies 
in  width  from  10  to  30  miles,  extends  from  the  neighbourhood 
of  Gingin  and  Yatheroo  to  the  Murchison,  and  probably  a  long 
distance  farther  northward,  in  a  line  more  or  less  parallel  to  the 
coast.  Proceeding  eastward  it  thins  out,  and  only  exists  there  as 
outliers  and  cappings  on  the  hills.  Its  average  thickness,  where 
best  developed,  is  some  400  feet.  The  second  area  commences  near 
Cape  Riche,  and  stretches  in  a  north-east  direction  beyond  the 
Phillips  River,  thinning  out  eastward  to  mere  cappings  on  the  hills. 

**  The  uppermost  beds  in  the  first- named  area  are  generally  more 
ferruginous  than  the  lower,  and  consist  of  highly  ferruginous 
concretionary  claystone,  shale,  and  grit. 

ooooooooo 

''  The  great  denudation  which  has  operated  since  the  close  of  this 
period  has  removed  a  great  portion  of  the  rocks,  leaving  the 
remainder  as  undulating  plateaux  and  flat-topped  hills,  at  the  bases  of 
which  the  older  rooks  outcrop.  As  a  rule  these  strata  are  horizontal, 
although  in  some  cases  a  slight  undulating  dip  is  perceptible.  The 
interstratified   beds  of  white,   yellow,  and   sometimes   ferruginous 

1  D'Orbi^y,  ibid.  p.  429,  pi.  xxxii.  figs.  6-10. 
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limestone,  attaining  the  thickness  of  30  feet,  which  ooenr  ohieflj  in 
the  neighbourhood  of  Champion  Bay,  do  not  seem  to  be  penisteat) 
but  are  found  as  it  were  in  patches,  whioh  gradually  thin  out  As 
the  limestone  composing  them  is  made  up  of  shells,  which  in  soma 
cases  have  consolidated  into  a  solid  rock,  in  others  have  retained 
their  original  form,  it  seems  most  probable  that  the  aocnmulation  of 
shells  in  hollows,  in  the  ancient  sea-beds,  is  the  cause  of  their  now 
being  found  in  isolated  areas.  The  most  common  fossils  foand 
includes  species  belonging  to  the  [families]  Ammonitidm^  Beltmr 
nitida,  Oatreida,  Pectinida,  Trigonida,  RhynehoneUidm,  eta  These 
fossils  are  generally  found  in  the  limestone,  whole  masses  of  rock 
being  composed  of  them ;  they  are  also  found  in  the  hard  ferm- 
ginouB  shale  and  sandstone,  in  which  case  they  have  been  converted 
into  oxide  of  iron.  In  a  paper  ])ublished  in  the  Proceedings  of  the 
Geological  Society,  the  author,  Mr.  C.  Moore,  considers  the  fossili 
from  these  beds  to  represent  the  fossil  fauna  of  the  Lias  and  Lower 
Oolitic  formations  of  England. 


''  The  second  principal  area  of  this  formation,  which  embraces  the 
country  extending  from  near  Cape  Riche  to  beyond  the  Phillips 
Biver,  consists  of  a  series  of  horizontal  sandstones,  grits,  and  con- 
glomerates, capped  generally  by  the  usual  ferruginous  claystones, 
the  whole  thinning  out  on  to  the  granite  along  its  northern  boundary 
at  a  level  of  from  600  to  700  feet  above  the  sea,  and  forming  level 
plains  and  table  hills,  with  steep  escarpments,  along  the  Gairdner, 
Fitzgerald,  Hamersley,  Phillips,  and  Jerdicart  Rivers.  To  the 
southward  and  eastward  the  formation,  which  attains  a  thickness  of 
some  three  or  four  hundred  feet,  rests  on  the  slaty  rocks  of  the 
Mount  Barren  and  Jerdicart  country.  In  lithological  and  strati- 
graphical  character  and  position,  they  are  almost  precisely  similar 
to  the  same  formation  in  the  more  northern  parts  of  the  colony. 
White  marly  saliferous  sandstones,  ferruginous  grits  and  claystones, 
conglomerate,  reddish  sandstones,  etc.,  are  the  principal  rocks  met 
with.  Perfect  specimens  of  fossil  sponges  are  frequent  in  some  of 
the  caves  which  occur  along  the  escarpments,  hanging  from  the 
roof  and  sides,  where  the  rock  has  weathered  away ;  worn  casta 
are  also  abundant.  Mainbenup,  near  Esperance  Bay,  is  the  farthest 
point  eastward  where  I  have  observed  the  formation.  At  Cape 
liiche  beds  of  white  and  mottled  sandstone,  overlying  granite,  form 
low  but  steep  cliffs  along  the  shore  of  the  bay." 

The  present  collection  of  Cephalopoda  confirms  the  view  expressed 
by  Clarke  *  and  by  Moore '  as  to  the  existence  of  rocks  of  Lower 
Oolite  age  in  Western  Australia.  Possibly  the  highly  ferruginous 
rocks  may  represent  a  somewhat  higher  portion  of  the  Oolite,  but 
the  evidence  of  the  present  collection  is  by  no  means  conclusive. 
No  species  of  Middle  Liassic  age  has  been  recognised  in  the 
collection. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiiii.  (1867),  p.  9. 
^  Ibid,  Yol.  xxvi.  (1870),  p.  230. 
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The  species  here  descrihed  do  not  appear  to  he  in  any  way  related 
to  the  forms  which  have  heen  recorded  ^  from  New  Guinea. 

It  may  he  ohserved  in  conclusion  that  an  excellent  Geological 
Sketch-map  of  Western  Australia  hy  the  Government  G^logisty 
Mr.  Harry  Page  Woodward,  F.G.S.,  has  recently  heen  issued. 

EXPLANATION  OP  PLATES  XII.  Airo  XIII. 
[All  the  figures  are  drawn  one-half  the  natural  size  unless  otherwise  stated.] 

PLATE  XII. 

Fio.  1.  Ifautilus  peromatus,  sp.  noT. :  a,  lateral  yiew,  showing  portions  of  the  test, 
and  the  coarse  of  the  suture-lines ;  b^  peripheral  view ;  e,  portion  of  the 
test  on  the  periphery,  a  and  b  are  drawn  one-fourth  nat.  size,  e  is  drawn 
nat.  size. 

Fio.  2.  Ammonites  (DarseUnsia)  ClarkHy  sp.  nov. :  a,  lateral  view ;  6,  front  yiew ; 
<?,  suture-line. 

Fio.  3.  Suture-line  traced  from  the  specimen  figured  by  Moore  (Quart.  Joum.  Geol. 
Soc.  Tol.  xxri.  (1870),  pi.  xy.  fig.  2)  under  the  name  of  Ammon%U$ 
radiant ;  nat.  size. 

Fio.  4.  Ammonites  {Stephanoeerat)  Australis,  sp.  nov. :  a,  lateral  yiew ;  b,  peri* 
pheral  view. 

Fio.  5.  Ammonites  (Stephanoeeras),  sp. :  a,  lateral  view;  b,  peripheral  view. 

Fio.  6.  Ammonites  {Sphaeroeeras  F)  JFoodwardiy  sp.  nov. :  a,  lateral  view ;  b,  peri- 
pheral view. 

PLATE  XIII. 

Fio.  1.  Ammonites  {Spharoeeras)  semiomatuSy  sp.  nov. :  a,  lateral  view;  b,  peri- 
pheral view. 

Fio.  2.  Ammonites  {Perisphinetes)  ChampionensiSy  sp.  nov.:  a,  lateral  view; 
by  front  view ;  c,  portion  of  the  suture-line.  The  right-hand  portion  of 
the  first  lateral  lobe  may  not  be  quite  correct,  the  fossil  being  badly- 
preserved  at  this  part. 

Fio.  3.  Ammonites  {FerisphiMtes)  robiginosuSy  sp.  nov. :  a,  lateral  view  of  fragment 
devoid  of  septa ;  by  section  of  whorl  at  S. 

All  the  specimens  are  from  near  Champion  Bay,  Western  Australia. 


II. — On  some  Lifb  Zones  in  the  Lower  Paleozoic  Rooks  of 
THE  British  Areas,  as  defined  mainly  by  Researches  during 
THE  Past  30  Years. 

By  Hbnry  Hicks,  M.D.,  F.E.S.,  F.G.S. 

(Continued  from  the  September  Number^  page  405.) 

Middle  Cambrian, 

FROM  the  foregoing  remarks  it  will  be  seen  that  the  Middle 
Cambrian,  as  at  present  defined,  is  characterized  by  having 
numerous  Life  Zones  in  which,  usually,  species  of  the  genus  Para^ 
doxides,  or  of  some  closely  allied  forms,  may  be  considered  the 
dominant  organisms.  Up  to  the  present  the  genus  OlenelluSy  so 
typical  of  the  Lower  Cambrian  rocks,  has  not  been  found  in  direct 
association  with  Paradoxides,  but  some  of  the  associated  genera 
are  equally  characteristic  both  of  the  Lower  and  of  the  Middle 
Cambrian.'     The  Olenellus  fauna,  as  a  whole,  seems  to  have  dis- 

»  R.  Etheridge,  JU.y  Records  Geol.  Sunr.  New  South  Wales,  toL  i.  pt.  3,  1889 
(1890],  pp.  172-179,  pi.  xxii. 

*  Mr.  6.  F.  Matthew,  who  has  worked  out  the  zones  in  the  Cambrian  rocks  of 
New  Brunswick,  Canada,  with  much  care  and  success,  has  recently  described  a  new 
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appeared  from  the  areas  as  depression  went  on,  and  though,  ai  I 
have  already  stated,  there  are  some  signs  of  a  slight  physical  changi 
at  the  close  of  the  Lower  Camhrian,  I  helieye  that  the  main  omi 
why  there  should  be  no  greater  admixture  of  organisms,  which 
evidently  were  suitable  to  live  under  like  oonditions,  was  that  the 
fauna  which  first  appeared,  and  which,  to  a  certain  extent,  would 
cling  to  the  shores  and  occupy  shallow  basins,  would  pass  on  to 
fresh  areas  as  the  depression  increased.'  llie  tendency  to  migrato 
along  certain  lines,  and  to  follow  like  conditions,  would  nndoabtodly 
have  a  powerful  influence  with  the  organisHis  even  at  this  esilj 
period  in  the  world's  history,  and  many  of  the  apparent  difficaltiei 
which  crop  up  when  an  attempt  is  made  to  trace  the  order  of 
development  will  be  brushed  aside  as  PalsBontoIogy  and  Biology 
join  hand  in  hand  more  closely  in  these  investigations.  To  my 
mind  no  portion  of  the  geological  record  can  be  more  intensely 
interesting  to  biologists  than  that  which  contains  the  history  of  these 
earliest  known  organisms,  as  we  have  to  deal  only  with  mariiM 
faunas  with  a  comparatively  limited  number  of  types  which,  of 
necessity,  would  be  far  less  liable  to  be  afiected  by  distorbing 
influences  than  land  faunas.  When  working  ont  the  Life  Histoiy 
in  the  Cambrian  rocks  at  St.  David's,  I  kept  constantly  in  mind  the 
possibility  of  adding  evidence  in  favour  of  the  theory  of  evolutioii, 
and  as  this  could  only  be  hoped  for  by  the  adoption  of  a  minute 
subdivision  of  the  main  Life  Zones,  I  gave  a  section  in  my  fint 
paper,  published  in  the  Proceedings  of  the  Liverpool  Geological 
ISociety  in  1863,  showing  five  sub-zones  in  a  thickness  of  214  feet, 
with  names  of  all  the  genera  and  species  found  in  each.  At 
this  time  the  upper  portion  only  of  the  Menevian  (then  called 
Lower  Lingula  Flags)  had  yielded  any  fossils.  Lower  zones  were 
afterwards  found  and  worked  out  on  the  same  principle,  and  in  tbe 
year  1872  I  was  able  to  state  that^  "  the  additions  made  to  the  fauna 
of  the  Cambrian  rocks  by  these  researches  include  no  less  than 
fifty-two  new  species,  belonging  to  twenty-three  genera.  The 
following  table  shows  to  what  orders  these  belong,  and  in  what 
proportion  they  occur  in  these  early  rocks  : — 


Trilobites    

Bivalve  Crustaceans 

10  genera 
4      „ 

including 

31  species 

4         y* 

Brachiopodfl       

PttTopods 

4      „ 
3      „ 

6       „ 
6       „ 

Sponges      

Cystideans 

T                                          I'll                                                 •!! 

1  genus 
1      „ 

1 1       1 

i             ?  ^A»   -        * 

4       » 

genus,  Profolenusy  which,  he  says,  is  there  the  characteristic  fossil  of  the  OUnelliu 
z(uie  ['^VvQ-raradoxides  beds").  With  it  is  associated  the  genus  EUip^otepkalM, 
which  occurs  in  Euroi)e  in  the  Paradoxide*  beds,  as  well  as  in  those  contaiuing 
Oltnellns  (see  Canadian  Record  of  Science,  October,  1892). 

^  Mr.  (.!.  I).  Walcott,  in  his  most  instructive  monograph  **  The  Fauna  of  the 
Lower  Cambrian  or  OUitellus  Zone,"  says,  at  p.  694,  **Tne  cause  of  the  abnipt 
change  from  the  OhucUus  to  the  Paradox uks  fauna  is  not  yet  fully  reco^nii-'*'"- 
"While  a  considerable  portic»n  of  the  genera  pass  up,  very  few  of  the  specits  are 
known  to  do  so,  and  in  none  of  the  sections  has  there  been  found  a  commingling  oi 
the  characteristic  species  of  the  Low(;r  and  Middle  Cambrian." 

^  Quart.  Joum.  Geol.  Soc.  toI.  xxviii.  p.  173. 
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!f  we  now  add  to  these  the  Annelids  which  had  been  previously 
liscovered  in  these  rocks,  we  have  at  least  seven  orders  represented 
n  this  fauna,  the  earliest  at  present  known.     These  same  groups 
ire  also  more  or  less  present  and  tend  to  characterize  these  early 
ieposits  wherever  found;  but  no  country  has,  up  to  the  present 
ime,  produced  a  more  varied  fauna  or  a  greater  richness  in  types 
ban  England.     Scandinavia  has  a  larger  number  of  species,  but 
iot  so  many  groups."     I  then  give  a  table  showing  the  number  of 
'  forms  discovered  in  the  Lowest  or  Paradoxides  Zone  in  different 
>art8  of  the  world,"  from  which  *^  it  will  be  observed  that  England 
las  produced   eight  of  these  groups,   whilst  none  of  the  other 
x>untrie8  has  yielded  more  than  five.     It  is,  however,  most  interest- 
ing to  note  the  similarity  of  types  in  regions  so  far  apart,  and  the 
3lose  resemblance  of  the  faunas."     llie  researches  which  have  been 
carried  on  in  the  Cambrian  rocks  since  that  time,  though  they  have 
idded  greatly  to  the  number  of  forms,  especially  in  America,  owing 
ko  the  labours  of  Mr.  Ford,  Mr.  G.  F.  Matthew,  Mr.  0.  D.  Walcott, 
Eind  others,  have  mainly  strengthened  the  evidence  in  regard  to  the 
similarity  of  types.     The   still   earlier  faunas  since  made   out  in 
Scandinavia,  Russia,   and  America  also  show  that  the  following 
conclusions  given  in  my  paper  were,  in  the  main,  fully  warranted : 
''The  fact  also  that  Trilobites   had  attained  their  maximum  size 
at  this  period,  and  that  forms  were  present  representative  of  almost 
every  stage  of  development,   from   the  little   Agnosius  with  two 
rings  to  the  thorax,  and  Microdiscus  with   four,  to  Erinnys  with 
twenty-four,  and  blind  genera  along  with  those  having  the  largest 
eyes,  leads  to  the  conclusion  that,  for  these  several  stages  to  have 
taken  place,  numerous  previous  faunas  must  have  had  an  existence, 
and,  moreover,  that  even  at  this  time,  in  the  history  of  our  globe, 
an  enormous  period  had  already  elapsed  since  life  first  dawned  upon 
it"     In  so  minute  a  subdivision  as  I  at  first  adopted  it  was  scarcely 
to  be  expected  that  the  zones  would  be  of  equal  value ;  but  the  plan 
nevertheless  often   furnished   information   of  much   interest     For 
instance,  in  one  section  at  what  appeared  to  be  a  new  horizon   a 
form  of  Paradoxides  was  found  which  seemed  to  differ  materially 
from  the  Paradoxides  (P.  Hicksii)  in  the  next  zone,  and  I  was  only 
able  to  satisfy  myself  that  it  was  a  young  specimen  of  that  species 
by  finding  others  showing  intermediate  stages  in  association  with 
fully  grown  specimens.     Five   main  zones  characterized   by  new 
species  of  Paradoxides  were  made  out,  and  in  each  of  these  new 
species   of    the    more    important   associated   forms   also    occurred. 
Though   five   species   of  Paradoxides  only  were  made   out  at  St 
David's,   three   species  of  the  very  closely  allied   genera  Plutonia 
and  Anopolenus  were  also  discovered.    Plutonia,  characterized  mainly 
by  its  spinous  ornamentation  and  wide  ribs,  a  Trilobite  of  gigantic 
size,  equalling,  if  not  exceeding,  the  largest  Paradoxides,  must  have 
been  a  formidable-looking  Crustacean  in  these  early  seas.     Hitherto, 
it  has  only  been  found  at  the  base  of  the  Middle  Cambrian  at  St 
David's,  and  one  species  only  has  been  discovered.     The  largest 
Paradoxides  (P.  Daddis),  on  the  other  hand,  occurs  in  the  highest 
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beds.  In  my  paper  in  the  Quart  Jonm.  Qeol.  Soa  in  1872,  aft«r 
giving  a  minute  description  of  the  strata  from  the  base  of  tin 
Cambrian  to  the  Lingula  Flags  and  the  evidenoes  of  the  phjaiGal 
conditions  under  which  they  had  been  deposited,  I  added  th« 
following  remarks :  "  These  successive  ohanges,  prodnoing  soch 
varied  conditions  of  deposit,  must  have  had  much  to  do  with 
causing  barrenness  in  parts  of  the  strata,  and  with  the  appearance^ 
on  the  other  hand,  of  successive  zones  of  animal  life.  The  oon* 
tinuation  of  the  same  genera  through  a  great  thickness  of  shore  or 
shallow-water  deposits,  as  is  the  case  in  the  Longmynd  (now  called 
Caerfai  and  Solva  Groups)  and  Lingula  Flags  and  the  rapid 
dying  out  and  shorter  range  of  the  genera  in  finer  beds  or  deep 
sea-deposits,  like  the  bulk  of  the  Menevian  Group,  are  interesting 
facts,  and  deserving  of  consideration  when  we  seek  for  nataral 
laws  to  account  for  the  conditions  presented  to  us  at  these  earlj 
periods."  Though  a  considerable  number  of  the  St.  David's  species 
have  been  found  in  North  Wales  in  beds  almost  identical  in  character 
with  those  at  St  David's,  two  species  only  of  Paradoxide$,  vi& 
P.  Hicksii  and  P.  Davidia,  have  as  yet  been  determined.  They  hold 
there  exactly  the  same  position  in  relation  to  one  another  as  thej 
do  at  St  David's,  and  I  have  no  doubt  a  careful  examination  of  the 
underlying  beds  will  show  that  the  Lower  Zones  oocnr  there  alsoii 
Soon  after  we  had  discovered  the  majority  of  the  forms  at  St 
David's,  Mr.  D.  Homfray  was  asked  by  Mr.  Salter  to  examine  the 
slaty  beds  which  flanked  the  Harlech  Mountains,  and  in  a  joint 
paper  by  Mr.  Salter  and  myself  to  the  Greological  Society*  Mr. 
Salter  gives  the  general  results  in  the  following  words :  **  Having 
faith  in  the  continuity  of  the  band,  I  liad  begged  Mr.  David  Homfray, 
of  Portmadoc,  to  employ  his  first  leisure  in  examining  the  same 
horizon  in  the  Ffestiniog  country,  a  locality  which  had  hitherto  been 
neglected.  He  met  with  his  usual  good  success ;  and  found,  not 
merely  the  same  genera,  but  many  species  which  we  had  discovered 
at  St.  David's.  I  think  liardly  any  of  the  forms  are  distinct  There 
are  Anopolenns,  Conocoryphef  Microdiseus,  Holocephalua,  together  with 
Theca  and  Agnoatus,  all,  or  nearly  all,  of  the  same  species  as  those 
described  in  our  paper.  There  is  also  a  new  genus  of  Trilobites 
which  we  have  called  Erinnys,  distinguished  by  the  great  number 
of  the  body-rings,  and  this  is  also  found  both  in  North  and  South 
Wales.  This  identity  of  forms  between  localities  so  widely 
sei^arated  and  on  the  same  horizon  gives  us  great  reason  to 
believe  that  the  fauna  is  a  marked  and  persistent  one  over  large 
areas."  In  I8i)l  (Gkol.  Mag.  p.  o33)  Prof.  Lapworth  announced 
the  discovery  by  Mr.  T.  T.  Groom  of  a  Paradoxides  occurring  with 
Vtijclwparidy  Oholellay  Frotospongiay  etc.,  at  Nevis  Castle  and  Comley, 
Shropshire.  In  a  paper  in  1875  in  which  I  attempted  to  correlate 
the  main  zones  which  we  had  found  in  Wales  with  those  which  had 
at  that  time  been  made  out  in  various  areas  on  the  Continent  of 
Europe  ^  I  said  that  the  "  Western  areas  have  a  larger  number  of 

^  Quart.  Journ.  Geol.  Soc,  November,  1865. 

-  "  The  Pliysical  conditions  under  which  the  Cambrian  and  Lower  Silurian  rocks 
were  probably  depoaited  o'vet  \\i©  l£i\ixo^«sx«x^»&*'  (P.J.G.S.  yol.  xxii.  p.  562). 
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orders,  a  greater  number  of  genera,  and,  in  the  genera,  show  a 
greater  number  of  varieties  or  stages  of  progression,  than  we  find 
in  any  of  the  more  Extern  areas.  Many  of  these  steps  or  species 
are  wanting  in  the  Eastern  areas,  and  it  is  probable  that  they  never 
reached  so  far,  just  as  it  is  evident  that  many  intermediate  forms 
did  not  reach  the  Western  areas.  Many  forms,  as  they  fulfilled  their 
mission,  were  lost  on  the  way,  and  it  is  only  the  stronger  and  more 
marked  varieties,  which  we  now  look  upon  as  species,  that  were 
able  to  pass  on.  Minor  changes  may  also  have  taken  place  even 
in  very  limited  areas ;  but  it  is  evident  that  the  more  marked  species 
were  tolerably  persistent  and  became  more  generally  distributed." 
It  is  a  remarkable  fact  that  all  the  evidence  which  has  been  accumu- 
lated of  late  years  tends  to  prove  that  there  is  a  very  close  resemblance 
between  the  succession  of  the  sediments,  and  in  the  forms  charac- 
terizing the  faunas  of  the  Cambrian  rocks  on  both  sides  of  the 
Atlantic  Ocean.  This  seems  to  me  to  show,  as  I  mentioned  in  my 
paper  in  1875,  that  the  earliest  homes  of  these  faunas  in  this  portion 
of  the  northern  hemisphere  must  have  been  in  some  intermediate 
basin,  whence  migration  took  place  towards  each  continent,  and 
it  would  also  account  for  the  larger  number  of  species  as  we 
approach  towards  this  basin  and  for  the  diminished  number  in  the 
more  distant  areas.  How  far  animal  life  had  progressed,  and  how 
many  types  were  then  in  existence,  it  is  impossible  to  say,  for 
those  only  which  were  suitable  to  the  conditions  then  prevailing 
in  any  given  area  would  migrate  to  that  part.  The  Zones  of  Life, 
as  we  at  present  know  them,  are  therefore  mainly  records  of  the 
periods  of  dispersion  of  certain  forms  from  areas  previously  occupied 
by  them.  This  is  why  our  chronological  sequence  of  organisms  is 
not  more  often  in  accordance  with  what  the  theory  of  evolution 
may  seem  to  demand.  Generally  the  evidence  of  a  gradual  pro- 
gression from  lower  to  higher  forms  is  clear  enough ;  but  the 
actual  stages  are  not  often  found,  owing  to  the  probability  that 
none  of  the  areas  at  present  known  to  us  retained  the  forms 
sufficiently  long,  or  supplied  all  the  influences  necessary,  to  produce 
very  marked  changes  in  the  animal  forms. 

Upper  Cambrian, 

In  the  very  excellent  summary  of  the  researches  carried  on 
in  Wales  given  by  Mr.  R.  Etheridge,  in  the  Memoirs  of  the 
Geological  Survey,  vol.  iii.  (1881),^  it  is  stated  that  M.  Barrande, 
who  paid  a  visit  to  this  country  in  1851  "  for  the  express  purpose  of 
comparing  his  rich  materials  with  our  published  and  unpublished 
types,"  then  recognised  the  "Lingula  Flag"  of  Sedgwick  as  the 
exact  equivalent  of  his  primordial  stratum  "  (fitage  C).  At  this 
time  the  Middle  Cambrian  or  Paradoxides  fauna  was  entirely 
unknown  in  Britain,  therefore  the  Upper  Cambrian  or  Olenus 
fauna  only  could  in  any  way  be  used  for  comparison.  To  M. 
Barrande,  therefore,  must  be  given  the  credit  of  first  recognising 
the  presence  of  this  portion  of  the  "  Primordial  zone "  in  Britain. 

1  See  also  the  Presidential  Address  to  the  Geological  Society  1881. 
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Soon  after  M.  Barrande's  oonclusions  had  been  annoanoed,  "Ht, 

Salter  was  directed  by  Sir  H.  de  la  Beche  to  re-examine  a  portkw 

of  the  Lingula  Flag  series,  with  special  regard  to  the  fossil  soo- 

cession,  and  found  that  the  group  was  divisible  into  three  distinct 

zones,  two   in   the   Lower,  and  one  in   the  Upper  division."    Ai 

characteristic  of  the  Lower  series,  he  mentions  Agnosins  priaeepf, 

Olenua  cataractest  and  Lingulella  Davisii,  of  the  next  overlying  seriei^ 

Olenus  micrurus,  Hymenocaris  termicauda,  and  LingulMa  Davisii  in 

great  abundance;  of  the  highest,   Olentu  alaiuSy    O.  acarahmoidei, 

Agnostus  princeps,  several  species  of  Conocoryphe,  Orihis  Untiadariit 

and  Diciyonema  ^  aoeiale.     In  1860  Mr.  Salter  again  visited  North 

Wales,   and   with   ''the   hearty   and   eager   assistance   of   Messrs. 

Homfray  and  Ash,"  and  the  services  of  the  Chief  Collector  of  the 

Survey,  Mr.  K.  Gibbs,  was  not  only  able  to  add  to  the  number  of 

forms,  but  also  to  trace  the  three  divisions  into  several  new  areas. 

In  1867  Mr.  T.  Belt,  in  a  paper  on  "  Some  New  Trilobites  from  the 

Upper  Cambrian  Kocks  of  North  Wales,"  *  subdivides  the  lowest 

series  given  by  Mr.   Salter,   and   points   out   that   there  are  two 

horizons    marked    by  distinct  species  of   Olenua,    Olenus  gihhosut 

being   characteristic   of  the   lowest,  and   Olentia    cataracte$  of  the 

higher  beds.   In  another  paper,  **  On  the  Lingula  Flags  or  Ffestiniog 

Group  of  the  Dolgelly  district," '  he  gives  the  results  of  researches 

carried  on  by  him  during  the  previous  three  years  in  coujunction 

with  Messrs.  Ezekiel  Williamson  and  J.  E.  Barlow,  and  says  that 

**  recent  discoveries  have  shown  that  the  group  includes  at  least  six 

zones  of  animal   life,  each  distinct  and   separate."     To  the  three 

divisions  previously  marked  out  by  Mr.  Salter  he  gives  the  local 

names  of  Maentwrog,  Ffestinio^;.  and  Dolgell}^  and  says  that  they 

**are  both  lithologically  and   pulaKJntologically  distinct.     None  of 

the  Crustaceans  pass  from  one  group  to  another,  and  peculiar  genera 

are  found  in  each."     Professor  Phillips  had  previously  discovered 

several  species  of  Olenus  in  black  shales  on  the  western  flanks  of 

the    Malvern    Hills,  and  these    beds  Mr.  Belt  correlates  with  his 

Upper  Dolgelly  beds.     Other  fossils  had  been  discovered  in  these 

rocks,   near  Malvern,   by  Dr.  Ilarvey  B.  floU,   Dr.  Grindrod,  the 

Kev.  W.  8.  Symons,  and  others.     In  the  year  1877  Dr.  C.  Callaway 

published   a   paper,**   in    which   he   gives    an    account    of   a  most 

interesting  discovery  by  him  of  Upper  Cambrian   rocks  in  South 

Shropsliire.     The  **  Shineton  shales,"  he  there  states,  appear  to  him 

from  the  fossils  to  be  of  Tremadoc  age ;  but  he  says  that  one  new 

species  of  Olenus  (0.   Salteri)   "is  probably  representative  of  our 

Lingula  Flags,"  and  also  that  the  majority  of  the  **  species  have  an 

older  facies  than  the  Tremadoc ;  but  the  abundant  occurrence  of  an 

Upper  Tremadoc  form,  and  of  another  Asaphid,  points  in  an  opposite 

direction."     Ho  then  states   "that  the  facts  of  the  case  so  far  as 

the  fossils  are  concerned  will  be  best  satisfied  by  referring  the  beds 

to  the  age  of  the  Lower  Tremadoc,"  but  suggests  the  probability 

of  the   "  Shineton   shales   forming   beds   of  passage   between  the 

1  Geol.  Mao.  Vol.  IV.  p.  204.  '  Ibid.  p.  493. 

3  Quiirt.  Joum.  Geol.  Soc.  vol.  xxxiii.  p.  652. 
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Lingula  Flags  and  the  Lower  Tremadoo."  In  the  year  1882  ^ 
Professor  Lapworth  gave  an  account  of  the  discovery  by  him  in  the 
" Stockingford  shales,"  near  Birmingham,  of  "many  of  the  most 
typical  tipper  Cambrian  Braobiopoda  and  Trilobites,"  a  list  of 
which  he  gives  as  follows :  Acrotreta  socialis,  OboleUa  Salteri, 
Lingulella  ferrugineOf  Kutorgtna  eingtdata,  Agnoatua  pisiformis, 
lAnguleUa  Nicholsonu 

In  a  paper  in  1885*  by  Mr.  J.  E.  Marr  and  Mr.  T.  Roberts  is 
given  an  account  of  the  discovery  by  them  of  fossils  characteristic  of 
the  ''Lingula  Flags"  in  some  ''black  iron-stained  slates"  which 
are  "  well  seen  near  Leweston,  Trefgam  Bridge,  and  Spittal  Cross, 
in  North  Pembrokeshire.  The  species  mentioned  are  Agnostiu 
pisiformis,  var.  sodaliay  and  Olenus  spinulosus. 

The  "  Tremadoc  Slates  "  of  Sedgwick  were  divided  by  Mr.  Salter, 

in  1857,  into  a  Lower  and  Upper  series.     The  fauna  was  stated  by 

him  to  be  essentially  Middle  Cambrian  (now  Upper  Cambrian),  but 

showing  a  tendency  to  include  some   few  types  characteristic  of 

higher  horizons.     "  The  species,  however,  are  all  distinct,  even  from 

those  of  the  Arenig  Group,  and  those  of  the  Upper  are  distinct  from 

those  of  the  Lower  Tremadoa" '    In  the  report  by  Mr.  Salter  and 

myself  to  the  British  Association  in  1866,  we  announced  the  dis* 

covery  of  Tremadoo  beds,  "or  what  we  regard  as  such,"  near  St. 

David's,  for  "lying  as  they  do  upon  the  true  Lingula  Flags,  and 

under  the  Arenig  or  Skiddaw  Slates,  they  can  hardly' be  anything 

but  Tremadoc  beds."     A  list  is  given  of  the  fossils  which  had  then 

been    discovered    by   us,   but   many   additional   forms   were   sub^ 

sequently  added  to  it.     These  were  discovered  during  our  continued 

researches,  carried  on  with  occasional  very  valuable  assistance  from 

Messrs.    Homfray,    Lightbody,    Hopkinson,    and    Kershaw.      The 

fossils,  comprising  a   rich   and   exceedingly  interesting  fauna  (in 

which  the  earliest  lamellibranchs,  encrinites,  and   star-fish   up   to 

that  time  discovered  in  Britain  occurred),  were  described  by  me 

in  the  Quarterly  Journal  of  the  Geological   Society  for  February 

1873,  and  at  page  42  I  stated  that  "the  palsBontological  evidence 

goes  to  prove  that  they  (the  Tremadoc  rocks)  are  closely  allied  to, 

if  not  identical  with,  the  lower  portion  of  the  Tremadoc  rocks  of 

North  Wales,"  and  that  the  "  conditions  under  which  these  rocks  at 

St.  David's  were  deposited  seem  to  have  been  intermediate  between 

those  of  the  shoal  and  shallow  water  of  the  Lingula  Flag  period 

and  those  of  the  deep  sea  which  must  have  prevailed  when  the  fine 

muddy  deposits  of  the  overlying  Arenig  slates  were  being  thrown 

down.     This  intermediate  condition   must   have  been   particularly 

favourable  to  the  existence  of  life,  and  was  doubtless  one  of  the 

causes  of  the  appearance  at  this  time  of  such  a  varied  and  important 

group  of  organisms." 

The  boundary-line  between  the  Tremadoo  rocks  at  St.  David's 

*  Geol.  Mao.  Dec.  II.  Vol.  IX.  p.  666. 

'  Qnart.  Journ.  Geol.  Soc.  vol.  xfi.  p.  476. 

*  **  Catalo^e  of  the  Collection  of  Cambrian  and  Silurian  Fossils  contained  in  the 
Geological  Museum  of  the  Uniyersity  of  Cambridge,"  1873,  p.  16. 
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and  the  OTerlying  Arenig  rocks  was  then  mainly  adopted  owing 
to  the  discovery  by  us  of  very  rich  Graptolite  zones  in  the  overlying 
slates,  and  to  the  recognition  by  Mr.  J.  Hopkinson  of  over  20  species 
belonging  to  genera  characteristic  of  the  Qaebeo  Group  of  Canada.^ 

In  the  Quart.  Journ.  Geol.  Soc.  for  1880,  p.  237,  there  is  an 
important  communication  from  Prof.  T.  MoKenny  Hughes,  in  which 
it  is  stated  that  beds  in  Anglesey  which  had  hitherto  been  "  referred 
to  the  Garadoc  are  Tremadoc ;  that  they  are  snooeeded  by  Arenig." 
In  these  beds  he  found  Orthis  Caratuii,  and  Neteuretue  BamseneHiU^ 
a  characteristic  Tremadoc  form,  and  he  states  that  *'  they  exactly 
resemble  specimens  from  the  Tremadoo  of  Ramsey  Island  (St 
David *s)  in  the  character  of  the  rock  and  mode  of  preservation 
of  the  fossils." 

Although  I  have  had  to  limit  my  summary  to  that  portion  of  the 
Lower  Paladozoic  rocks  now  usually  classified  under  the  name 
Cambrian,  I  think  it  must  be  granted  that  the  researches  carried 
on  in  these  rocks  during  the  past  thirty  years  have  been  most 
fruitful  in  important  results.  During  this  period  the  doctrine  of 
evolution  has  exerted  a  powerful  influence  on  geological  thought; 
and  no  one  who  can  call  to  mind  the  state  of  our  knowledge  before 
that  time  can  possibly  deny  that  the  influence  has  been  for  good. 
Of  necessity,  those  who  were  working  on  the  earliest  known  faunas 
kept  this  doctrine  continually  in  view,  and  I  believe  there  are  few 
at  the  present  time  who  will  not  admit  that  evidence  in  its  favour 
has  constantly  increased  in  strength  as  the  gaps  in  the  suooessioa 
were  being  filled  up. 

III. — Restoration  of  the  Antillean  Continent.* 
By  J.  W.  Spencer,  Ph.D.,  M.A.,  B.A.Sc,  F.G.S. 

THERE  have   been   many  suggestions  respecting  a   continental 
connection  of  the  West  Indies,  but  this   is  the   first  attempt 
made  to  restore  the  Antillean  lands.     It  is  bsised  upon  the  slowly 

*  These,  with  many  additional  fonns  obtained  bv  us  from  the  Arenig  rocks  of  St. 
DaWd*8,  were  afterwards  described  by  Messrs.  llopkinson  and  Lapworth  in  the 
Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  632  (1876),  and  in  the  discussion  of  that 
pap€'r  Mr.  Hopkinsion  said  "that  the  dendroid  forms  are  only  known  to  occur  in 
abundance)  in  Britain  in  the  Arenij?  rocks  of  St.  David's,  and  that  there  are 
intermediate;  forms  connecting  Britiph  and  American  species  which  occur  in  rocks 
of  more  ancient  date.**  He  further  remarked  that  he  **did  not  consider  the 
dendroid  forms  valuable  for  determining  zones,  species  very  nearly  allied  to  those  of 
the  Arenig  rocks  being  met  with  even  in  the  Lower  Ludlow  rocks  of  Shropshire ; 
but  the  Khabdophorji  occur  only  in  small  zones,  and  wherever  they  are  found  they 
Beem  to  hold  an  equivalent  pasition.  They  are  consequently  valuable  for  strati- 
graphical  puqyoses.*'  In  the  same  paper  they  give  a  Table  **in  which  every  spedee 
(obtjiined  in  the  ncinity  of  St.  David's)  is  referred  to  its  exact  position  in  the 
vertical  series,"  and  in  page  639  they  say :  **  Perhaps  the  most  patent  result  of 
these  researches  is  the  circumstance  that  they  clearly  demonstrate  that  the  nvdroida 
of  these  ancient  rocks,  so  long  shunned  or  misinterpreted  by  the  systematist,  are 
rapidly  emer^^ing  from  the  obscurity  which  has  enveloped  them,  ani  will  perhaps 
Boon  stand  side  by  side  with  the  better  understood  Brachiopoda  and  Crustacea,  as 
unerring  exponents  of  the  true  geological  age  of  the  most  widely  separated  rocks 
in  which  they  are  found.** 

^  Abstract  of  a  paper  read  before  the  Oteol.  Soc.  of  America,  Angost  Hth,  1894. 
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aocumulating  evidenoe  of  great  Bysiems  of  submerged  vail 
Qords  extending  from  the  commonly  buried  lower  reaches 
the  great  rivers,  upon  the  terrestrial  deformation  involved 
changes  of  level  over  large  regions  and  upon  the  distribu 
the  characteristic  forms  of  life.  The  present  investigations  c 
and  amplify  the  history  of  the  coastal  plain  of  the  m 
continent. 

The  forms  of  the  valleys  of  the  southern  Appalachian  moi 
and  of  the  coastal  plain  were  illustrated,  showing  that  their  < 
teristics  are  mostly  due  to  the  insidious  action  of  rains  an< 
producing  different  results  according  to  the  slope  or  eleva 
the  base-level  of  erosion.  This  study  was  introduced  in 
to  compare  the  drowned  canons  with  the  land  valleys. 

The  gentle  but  varying  amount  of  epeirogenio  deformati 
permitted  of  ooiTelations  which  would  have  been  prevents 
the  sharp  orogenic  disturbances  of  recent  times  prevailed  ov( 
wide  areas. 

The  submarine  valleys  or  fjords  have  been  correlated  into  a 
with  their  tributaries,  and  in  all  cases  they  connect  with  the 
buried  land  valleys.  The  continent  is  bordered  by  a  sub- 
plain  from  100  to  300  miles  wide,  which  is  characterized  by  pi 
or  terraces  now  submeiged  to  even  3000  or  5000  feet,  wi 
oceanic  bed  beyond  depressed  to  12,000  feet  or  more.  Ci 
these  plateaux,  the  canons  reach  to  depths  of  thousands  of  fe< 
terminate  in  embayments  into  margins  of  the  continental  si 
The  Gulf  Stream  occupies  portions  of  three  distinct  valleys,  ex< 
of  its  tributaries,  which  have  been  only  slightly  modified  < 
cols  between  them.  The  drainage  of  the  West  Indian  coi 
was  almost  entirely  to  the  west,  there  being  only  two  or  thre 
valleys  upon  the  eastern  side  of  the  Windward  mass.  The 
reach  to  the  bottoms  of  the  Gulf  of  Mexico  and  Carribea; 
whose  beds  are  shown  to  have  been  recent  land  plains  (exce 
Sea  of  Honduras,  in  part).  The  valleys  of  the  existing 
often  deeply  buried  near  their  mouths,  are  in  magnitude  propo 
to  their  fjords  beyond. 

The  analogy  between  the  land  valleys  and  the  drowned 
is  so  complete  that  the  unqualified  conclusion  is  reached  tl 
fjords  are  evidences  of  atmospheric  erosion  to  their  depths 
perhaps  one  or  two  exceptions),  or  in  other  words  there  v 
elevation  of  the  region,  as  high  as  the  fjords  are  deep,  le 
reduction  by  differential  deformation,  which  is  more  o: 
determinable.  Thus  it  appears  that  there  has  been  a  post-e 
subsidence  to  an  amount  from  8,000  to  12,000  feet,  carrying 
the  Antillean  plains  to  form  the  present  sea-basins,  and  the 
lands  to  form  the  islands. 

The  general  Miocene  depression  of  the  whole  region  lefl 
small  islands,  and  during  this  submergence  portions  of  the  : 
appear  to  have  sunk  to  abyssmal  depths. 

The  Pliocene  period  was  characterizod  by  the  connection 
two  Americas  by  way  of  the  West  Indian  bridge,  part  of 
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was  a  high  plateau  as  is  Mexico  and  the  Oreat  Basin  to-dtj. 
This  was  the  first  period  of  the  formation  of  the  great  canons,  and 
the  modem  topographic  features.  But  at  the  close  of  the  Pliooena 
period  there  was  a  submergence  of  from  100  to  1300  feet  below 
the  present  altitudes,  with  the  deposition  of  from  100  to  260  feet  of 
(Matanzas)  limestones.  During  this  epoch  the  oonnections  with 
the  Pacific  Ocean  were  shallow. 

The  earlier  Pleistocene  days  were  characterized  by  a  re-eleTation 
of  the  continent  with  great  erosion  and  the  clearing  oat  and 
extension  of  the  older  Pliocene  valleys.  The  continental  develop* 
ment  was  nearly  the  same  as  in  the  earlier  Pliocene  contineDtal 
epoch. 

In  Mid-Pleistocene  times  the  continent  was  again  depressed,  so 
that  the  West  Indian  islands  were  reduced  to  a  much  smaller  size 
than  at  present,  but  not  so  small  as  during  the  subsidence  at  the 
close  of  the  Pliocene  days.  These  later  deposits  were  mostly  loams 
and  gravels.    Some  minor  oscillations  are  recorded  in  the  ten'aoes. 

Again  there  was  a  slight  elevation  of  from  100  to  300  feet  as 
shown  in  the  canons  which  form  the  outlets  of  many  harboan. 
Then  followed  the  depressions  that  gave  rise  to  the  latest  terraces, 
which  have  been  recently  elevated,  as  also  the  modem  coral  reefs. 
Some  portions  of  the  region  seem  to  be  sinking  very  slowly  and 
others  rising. 

In  the  Miocene  period  there  was  free  communication  between 
the  Atlantic  and  Pacific  Oceans.  This  was  cut  off  by  the  Pliocene 
continental  elevation,  but  slightly  reopened  in  the  later  Pliocene 
submergence.  Again  the  Atlantic  waters  were  driven  back  in  the 
earlier  part  of  the  Pleistocene  period,  after  which  the  later  depression 
freely  admitted  the  Atlantic  waters,  with  probably  a  shallow  con- 
nection with  tlie  Pacific  Ocean  for  a  short  time.  Since  the  Mid- 
Pleistocene  epoch  the  gentle  undulations  have  made  no  changes  iu 
the  sea  connections,  but  have  only  varied  the  breadth  of  the  now 
slightly  submerged  coastal  plains. 

The  physical  changes  appear  to  explain  the  occurrence  of  the 
greater  number  of  the  marine  fauna  of  the  Antillean  region.  In 
this  abstract  the  Sea  of  Honduras  has  not  been  explained,  but  it 
may  have  been  a  basin  from  earlier  times  than  the  date  of  the  Gnlf 
and  Caribbean  basins.  The  phyaici^l  history  is  in  accord  with  the 
distribution  of  mammals.  Tlie  late  Miocene  fauna  of  Florida  could 
not  have  reached  the  islands,  and  in  that  region  there  is  no  known 
Pliocene  fauna  to  be  considered  even  on  the  adjacent  parts  of  the 
northern  continent.  At  the  close  of  the  Pliocene  period  the  lands 
were  reduced  to  a  few  very  small  islets,  and  the  coastal  plain  of  the 
continent  was  8ubmer":ed.  Then  followed  the  continental  rise  with 
a  rich  Pleistocene  fauna  in  Florida,  and  some  forms  are  known  in 
the  islands,  but  their  life  was  again  cut  off  by  the  next  subsidence, 
since  which  time  the  modern  types  of  mammalian  life  of  Florida 
have  not  been  able  to  reach  the  islands.  In  short,  the  physical 
history  seems  to  explain  the  disappearance  of  many  mammals  from 
the  region,  for  with  a  continental  change  of  altitude  of  from  8000  to 
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12,000  feet,  and  the  general  drowning  of  the  Antillean  continent, 
the  animals  became  extinct  alike  on  the  continental  margin  and  the 
islands. 

The  key  to  the  physical  evolution  of  the  continent  seems  to  be 
locked  up  in  the  West  Indies,  yet  it  appears  simple.  Where  the 
studies  will  lead,  it  cannot  be  predicted.  These  are  fundamental 
questions  in  terrestrial  movements  and  continent-making;  changes 
of  ocean  currents  and  climates ;  the  production  of  glacial  conditions, 
and  the  distribution  of  the  inhabitants. 


IV. — On  a   Series  of  Saubian  Footpbints  from  the  Cheshire 
Trias  (with  a  Note  on   Gbeirothehwm)} 

By  Osmund  W.  Jbffs. 

EVERY  geologist  is  familiar  with  the  name  of  Storeton  Quarry, 
which  may  fitly  be  termed  the  "  home  of  the  Cheirothertum,'^ 
celebrated  as  being  the  scene  of  the  earliest  discovery  in  England 
of  the  fossil  footprints,  first  described  by  Messrs.  John  Cunningham 
and  James  Yates  in  1839. 

Fifty  years'  study  of  these  footprints  has  left  their  origin,  so  far 
as  exact  identification  with  any  known  animal  is  couoemed,  a  matter 
of  as  much  mystery  as  when  Sir  Richard  Owen  gave  attention  to  the 
subject  in  his  classical  work  on  "  Palasontology."  All  the  evidence, 
in  fact,  which  we  have  accumulated  since  that  time  has  only  brought 
us  to  a  negative  position,  and  taught  us  that  the  explanation  first 
suggested  by  Owen,  and  thereafter  copied  into  nearly  all  our  popular 
geological  text-books,  is  not  entirely  correct 

The  forms  described  have  all  been  obtained  from  the  **  footprint 
bed  "  at  the  Storeton  quarries  (with  the  exception,  named  below,  of 
two  specimens  from  Oxton  Heath).  This  "  footprint  bed  "  is  a  thiu 
stratum  of  sandstone,  with  seams  of  white  clay,  together  some  three 
or  four  feet  in  thickness,  which  is  exposed  at  several  points  along 
the  quarry  excavations,  where  it  may  be  traced  for  some  distance. 
The  geological  structure  of  the  quarries  is  fully  described  by  Mr. 
G.  H.  Morton,  F.G.S.,  in  "The  Geology  of  the  Country  Around 
Liverpool "  (second  edition). 

I  first  refer  to  the  well-known  impressions  to  which  the  name  of 
Cheirotherium  was  originally  given  by  Dr.  Kaup,  under  the  idea 
that  the  tracks  were  of  mammalian  character.  In  the  event  of  their 
being  afterwards  proved  to  be  Saurian,  the  alternative  name  of 
Chierosaurua  was  proposed.  The  latter  term,  being  the  more  correct 
— all  the  indications  pointing  to  a  reptilian  origin  of  the  footprints — 
has  been  adopted  by  the  British  Museum  authorities  (see  ''  Catalogue 
of  the  Fossil  Reptilia  and  Amphibia  in  the  British  Museum  "),  but 
it  does  not  seem  to  have  found  its  way  into  general  geological 
literature,  or  into  our  local  museums.  In  a  paper  read  before  tho 
Liverpool  Geological  Association  in  June  last,  I  described  several 
specimens  of  this  genus,  among  which  were  the  following : — 

1.  Slab    (No.  130)  showing  right-hand,  hind  and    fore   feet  of 

^  Bead  at  the  firitiBh  Association  (Section  C),  Oxford,  August  llth,  1894. 
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C.  Sfortonensis,  Pentadactylate  digits.  Length  of  pes  7^  indies; 
length  ot*  uianus  3  inches.  All  the  digits  are  perfect  The  two  feet 
are  close  together,  being  less  than  1  inch  apart.  The  toes  an 
uarruw  and  tapering,  the  first  showing  the  charaoteristio  turning 
inwards,  like  a  thumb.  In  all  the  true  Cheirotherium  impressions 
the  digits  radiate  from  a  centre  like  those  in  an  outspread  human 
hand. 

2.  Slab  containing  the  natural  mould  of  the  impression  of  a 
medium-sized  foot})rint ;  pes  about  8  inches  in  length.  These 
moulds  or  hollows  in  which  the  animal  impressed  its  foot  into  the 
sand  are  far  more  uncommon  than  might  be  imagined,  and  thia  is 
tlie  only  perfect  specimen  I  have  been  able  to  obtain.  Its  preserva- 
tion is  evidently  due  to  the  sandy  matrix.  Most  of  the  "moulds" 
occur  in  the  soft  clay  which  is  intercalated  in  the  footprint  bed. 

o.  Genus  indet. — Slab  (No.  134)  showing  hind  and  fore  feet  of 
a  smaller  species,  with  narrow  toes.  Length  of  pes  3  inches; 
length  of  manus  1^  inches.  The  toes  in  this  species  all  carve 
inwards,  and  are  not  separated,  nor  do  they  radiate  as  in  Cheirotherium. 

4.  Slab  (No.  142)  showing  rain-pittings  and  a  remarkable  median 
impression  running  in  a  straight  line,  which  may  be  attributed  to 
the  track  made  by  the  point  of  a  tail  trailing  on  the  ground. 

Of  impressions  made  by  smaller  species  of  Reptilia,  the  Eenper, 
both  at  Store  ton  and  Oxton,  presents  several  examples.  With 
the  exception  of  Bhynchosaurus  itself,  very  little  is  known  of  these 
creatures;  for,  although  a  great  number  of  bones  have  been  found 
in  the  Triassic  strata,  not  only  of  Europe  but  of  America  and  South 
Africa,  it  is  still  a  matter  of  difficulty  to  correlate  the  footprints 
with  any  known  species  of  animals. 

The  difliculty  in  deciphering  these  small  footprints  is  increased  by 
the  fact  that  several  kinds  of  impressions  are  often  found  together 
on  the  same  slab,  in  addition  to  the  frequent  superposition  of  one 
impression  upon  another,  as  the  animals  walked  across  the  expanse 
of  sand  in  various  directions. 

Among  the  specimens  exhibited  are  examples  of  five  species,  all 
of  which  are  probably  the  prints  of  small  reptiles.  The  forms 
marked  b,  c.  and  d  have  not  been  previously  recorded  from  Storeton. 

5.  (a)  Uliynchosaurus, — Four  well-defined  digits,  with  occasional 
vestiges  of  a  fifth  digit,  much  shorter  that  the  others,  possessing 
short  claws  and  curved  inwards.  There  is  sometimes  the  mark  of 
a  projecting  spur  at  the  back  of  the  foot.  Length  of  foot  1 J  inches. 
The  middle  toe  often  extends  beyond  the  others.  It  is  diflicult  to 
distinguish  between  the  fore  and  hind  feet,  and  the  impressions 
follow  so  closely  that  the  successive  tracks  of  the  animal's  march 
are  not  clearly  defined.  All  the  toes  curve  slightly  in  the  same 
direction.  These  impressions  frequently  occur  on  slabs  exhibiting 
the  tracks  of  Cheirotherium,  often  being  superposed  on  the  actual 
imprint  of  the  larger  saurian. 

6.  (h)  Genus  indet. — Tracks  of  a  smaller  animal,  ^  of  an  inch 
in  length,  with  a  more  stubby  foot,  and  very  distinct  claws  on  the 
digits;  the  first  digit  very  short,  often  indicated  by  a  mere  point 
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^where  the  claw  has  penetrated  the  sand ;  four  distinct  toes, 
probably  had  a  rudimentary  fifth.  The  digits  do  not  display  the 
same  parallelism  as  in  the  specimens  attributed  to  Rhynchosanrus. 

7.  (c)  Genus  indet — A  minute  form,  i  an  inch  long,  showing 
four  di^ts,  tapering  to  a  point ;  no  vestige  of  claws. 

8.  (d)  Genus  indet  —  Three  rather  broad  digits,  with  claws 
(?  webbed).     Not  well  defined ;  may  be  same  as  (6). 

9.  (e)  Genus  indet — An  oval  impression,  with  concave  termin- 
ated digits,  four  or  five  in  number,  and  a  hinder  projecting  spur 
(?  Chelonian).     Toes  webbed. 

10.  Two  slabs  from  Oxton  Heath  (found  by  Dr.  Ricketts)  covered 
"with  impressions  of  (a)  Bhynchoaauma,  and  probably  of  those 
included  under  (6). 

11.  A  large  slab  found  in  situ  from  the  South  quarry,  Storeton, 
at  Easter,  1894,  by  Mr.  Norman  Jeffs.  Shows  specimens  of  several 
irarieties — the  slender-toed  Bhynchosaurus  ;  the  minute  form  (c), 
several  tracks ;  the  stubby  form  (6) ;  and  both  the  fore  and  hind 
foot  of  a  similar  species  to  No.  134,  resembling  the  Cheiroiherixi.m, 
but  of  smaller  size,  and  differentiated  from  that  species  by  having 
the  digits  all  pointing  in  the  same  direction. 

Note  on  Cheirotherium, 

The  larger  footprints  known  as  belonging  to  the  Cheirotherium 
have  long  been  attributed,  on  the  authority  of  Sir  H.  Owen,  to 
one  or  other  genera  of  Labyrinthodonts. 

In  a  paper  contributed  to  the  Transactions  of  the  Liverpool 
Geological  Association,  in  1889,  by  Mr.  James  Hornell,  the  author 
records  an  interesting  series  of  investigations  on  Labyrintliodonts, 
chiefly  from  a  biological  point  of  view,  and  though  he  apparently 
accepts  Owen's  correlation — since  he  terms  it  "  successful "  (p.  67) — 
he  shows  very  clearly  that  the  Cheirotherium  impressions  do  not 
coincide  with  the  normal  type  of  Labyrinthodon,  For  the  "  hand- 
footed  kind,  where  the  hind  limbs  by  reason  of  their  greatly  increased 
size  depart  from  the  central  type,"  Mr.  Hornell  proposes  a  separate 
classification  in  a  sub-order.  But  it  may  be  pertinently  asked 
whether  there  exists  any  evidence  from  the  skeletons  of  Labyrintho- 
donts, now  so  numerously  discovered  in  the  Coal-measures,  Permian 
and  Triassic  strata,  of  this  special  type  of  Labyrinthodon  ? 

Since  Owen  correlated  the  Labyrinthodon  with  the  Batrachia,  a 
great  mass  of  evidence  has  come  to  light,  through  the  researches  of 
Burmeister  and  Fritsch  in  Germany ;  Professors  Huxley,  Seeley, 
and  Miall  in  England ;  and  Professors  Cope  and  Marsh  in  America. 
It  is  now  accepted  that  the  Labyrinthodon  was  more  akin  to  the 
Salamander  or  Newt  than  to  the  Frog.  Indeed,  the  skeletons  which 
have  been  obtained  entire  from  the  petroleum  shales  of  Germany 
bHow  none  of  the  supposed  frog-like  affinities.  The  Labyrinthodon 
was,  in  fact,  a  primeval  Salamander,  the  species  varying  in  size 
from  small  creatures,  8  inches  in  length,  to  huge  animals  of  eight  or 
nine  feet 

It  is  but  fair  to  stato  that  Owen  recognised  the  footprints  of 
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Cheiroiherium  as  resembling  those  of  a  Salamander,^  although  he,  at 
the  same  time,  attributed  them  to  a  supposed  Batrachian.  In  his 
restoration  of  MastodonsauruB,  from  Coton  End,  Warwick,  Owen 
judged  by  the  simple  relics — chiefly  of  the  teeth,  parts  of  the  skall, 
an  ilium  and  humerus — he  found  there ;  but  our  present  know- 
ledge of  the  structure  of  these  animals  (whioh  has  been  most 
minutely  and  elaborately  investigated  by  a  Committee  of  the  British 
Association,  reported  upon  by  Professor  Miall)  is  founded  upoa 
material  which  did  not  exist  when  Owen  wrote  his  treatise  in  1B42. 
Even  now  our  knowledge  of  the  limbs  of  Triassio  species  of 
Labyrinthodonts  is  imperfect,  and  thus  an  important  link  in  tbe 
chain  of  evidence  required  to  enable  us  to  correlate  the  footprints 
is  wanting.  Nor  are  we  helped  much  by  studying  the  limbs  of  the 
Carboniferous  species  of  these  Amphibians ;  for,  on  the  authority 
of  Professor  Miall,  the  corresponding  parts  of  the  fore  and  hind 
limbs  of  Labyrinihodon  are  very  similar  in  form,  and  present  no 
uncommon  difference  of  size.  This  feature,  it  is  very  evident,  does 
not  agree  with  the  fossil  footprints  of  Cheiroiherium ;  and  the  more 
we  study  tlie  known  forms  of  true  Labyrinthodonts,  the  more  we  are 
driven  to  the  conclusion  that  whatever  was  the  mysterious  animal 
by  which  the  larger  footprints  at  Storeton  were  made,  it  cannot  be 
referred  to  any  known  species  of  Labyrinthodont. 


V. — The  Aptychus. 
By  Ernest  IJ.  L.  Schwarz,  A.R.C.S. 

TIIE  discovery  of  an  Ammonite  (Oppelia  suhradiata,  Sow.,  from 
Duiulry,  now  in  the  British  Museum)  with  the  Aptyclius  »« 
situ  closing  the  orifice,  would  seem  sufficient  to  set  all  doubts  at 
rest  as  to  the  true  nature  of  that  body,  viz.  that  of  an  operculuii)/ 
Many  of  the  writers  on  the  continent,  however,  have  not  seen  tbat 
specimen,  which  unfortunately  is  unique,  and  are  inclined  to 
attribute  to  the  Aptychus  other  offices,  because : — 

1.  It  usually  occupies  a  very  definite  position  within  the  living 
chamber  of  the  shell,  lying  in  the  middle  of  the  outer  edge,  with  its 
uniboes  pointing  forward,  and  its  rough  surface  outwards. 

2.  The  complicated  internal  structure  of  the  middle  layer  of  the 
calcareous  Apt^'chi  proves  them  to  have  been  forujed  beneath  tlie 
epidermis,  and  were  not  therefore  homologous  with  the  operoula  of 
other  Mollusca,  which  are  dermal  in  origin. 

8.  The  Aptychus  very  seldom,  either  in  shape  or  size,  corresponds 
with  the  aperture  of  the  Ammonite  shell  to  which  it  was  supposed 
to  belong. 

These  objections  are  valid  enough  if  they  went  to  support  any 

^  "  .  .  .  .in  haWn^  the  fhortor  toe  of  tlie  hind  foot  projecting  at  a  right  an?le 
to  the  line  ot  the  mid-toe."  Miall  considers  this  feature  common  to  other  order> 
ol  reptiles. 

2  See  article  bv  Dr.  S.  P.  "Woodward,  F.G.S.,  "On  an  Ammonite  with  an 
Operculum  in  situ,'*  "The  Geologist,"  1860.  Vol.  III.  p.  328  (with  a  wu.Hltut, : 
also  l)r.  II.  Woodward,  F.K.S.,  Geol.  Mao.  18b5,  p.  346,  and  "Student," 
Tol.  iv.  p.  1,  pi.  i.  tig.  12. 
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■olid  opposition  explaoation  ;  bat  none  oan  compete  with  the 
teaching  of  the  Dundry  Bpeoimen,  and  the  objeatioiu  oan  be  very 
well  answered,  as  I  propose  to  do  in  tbe  sequel. 

Taking  tbe  objectionB  in  order  : — 

1.  Of  the  many  suggestions  which  have  been  offered  as  to  the 
internal  nature  of  the  AptychuB,  suoh  as  tbe  shell  of  dwarf  males 
residing  in  tbe  mantle  spaoe,  like  those  of  some  oirrhipedes,  or  the 
gizzard  teeth,  etc,  three  have  gained  greater  prominenoe  than  the 
rest.  The  first  of  these  is  that  put  forward  by  Valenciennes,  and 
recently  elabotated  by  Steinmaun,'  namely,  that  the  Aptyohua  was 
a  structure  attached  to  the  funnel,  and  working  like  the  shells  of 
bivalves  by  means  of  ligaments  situate  along  the  hinge-line,  thus 
strengthening  that  organ,  and  enabling  it  to  ejeot  the  water  with 
greater  foroe ;  this,  then,  indicating  a  higher  degree  of  oi^nism  in 
the  funnel  than  that  exhibited  hy  the  Nautilus,  led  Steinmann  to  the 
conclusion  that  tbe  Ammonites  were  Dibranohiata,  though,  of  conrse, 
he  brings  other  reasons  to  hear  on  the  subject ;  and  from  the  general 
aoceptanoe  of  Steinmann'e  oonolusion,  1  suppose  the  idea  of  tbe 
Aptyohus  being  a  funnel-cartilage  has  many  followers.  A  second 
theory  is  that  put  forward  by  Eeferstein,  Wangen,  and  von  Zittel,' 
namely,  that  the  Aptychus  was  the  covering  of  the  nidamental  gland, 
the  view  being  supported  by  the  fact  that  those  glands  are  usDally 
thrown  into  ridges,  similar  to  those  of  the  Aptychus,  in  many  recent 
Cephalopoda,     llie  third  is  that  of  von  Jhering,*  where,  relying 


Pia.  I.  Showa  the  Ammonite  nnimal  in  the  shell  in  the  \iiin^  testing  position. 
FiQ.  2.  Shows  thiee  stagea  of  the  poaitioc  at  the  Apytchua  after  the  siiimAl 
has  died. 
upon  tbe  fact  that  the  recent  sepia  has  a  nuchal  cartilage  situated  at 
tbe  back  of  the  bead,  almost  identical  in  shape  with  some  Aptychi, 
he  conolndes,  therefore,  that  the  function  of  the  Aptychus  was  to 
give  attachment  to  the  mantle ;  and,  believing  that  tbe  Aptychus, 
as  it  usually  oocurs  in  the  living-chamber,  retains  the  position  it 
occupied  in  life,  be  couoludes  that  the  back  of  the  Ammonite  was 
turned  outward,  and  tbe  funnel  internal  (endogastrio).  Although 
Zittel,  in  his  Palreontology,  says  that  this  view  seems  to  have 
convinced  nobody,  yet  it  receives  countenance  from  Haug'a  con- 
tention *  that  some  Ammonites  must  have  been  endogastrio,  because 
the  bay  in  the  outline  of  the  aperture,  whioh  was  supposed  to  lodge 
the  siphon,  is  internal  in  some  genera. 

'  Steinmann,  Bench.  naturforBcb.  Gesell.,  Freiberg,  vol.  iv.  pt.  3,  1889. 

'  Vdd  2ittel,  Handbuch  del  I'altcontologie  :  Cephalapodit. 

»  NeuBs  Jahrbuch,  18S1   -'   *   -   "" 

*  Oatttuig  SarpoMnu,  1 
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However,  if  we  consider  what  would  happen  to  an  Ammonite 
when  it  had  died  and  sunk  in  the  ooze  at  the  sea-bottom,  we  see 
that,  supposing  the  animal  ezogastric  like  the  living  Nautilus,  and 
the  Aptychus  functioniug  as  a  lid,  the  latter  would  necessarily  have 
to  take  up  its  position  in  the  place  inside  the  chamber  where  we 
usually  find  it.  For,  being  exogastric,  the  outer  part  of  the  animal 
would  be  occupied  by  the  mantle  space  underlying  the  funnel; 
while  on  the  inner  side,  the  great  muscles  of  the  arms  and  head 
would  present  an  impediment  to  anything  entering  the  shell;  so 
that,  when  the  mud  began  to  push  in,  the  outer  border  of  the 
operculum  would  be  forced  in  first,  and  the  whole  thing  would  be 
turned  on  its  axis,  throwing  the  rough  side  downwards  and  out- 
wards ;  and  eventually,  when  the  entire  animal  was  decomposed,  it 
would  sink  to  the  under  surface  of  the  body-chamber  with  its 
umboes  looking  forward,  as  we  usually  find  it.  Hence  there  is 
nothing  in  the  fact  that  the  Aptychus  is  usually  found  internal  in 
fossils  to  preclude  its  having  once  acted  as  an  operculum. 

2.  Though  the  homy  Aptychus  of  Goniatitea,  Arietiies,  etc., 
might  have  been  dermal  in  origin,  the  calcareous  varieties  most 
certainly  cannot  have  been  formed  simply  from  the  surface.  But 
we  never  find  rough  bodies,  such  as  the  Aptychi  belonging  to  the 
group  Inibricati  for  instance,  internal,  unless  they  are  suspended 
freely  in  a  cavity,  as  the  otoliths  of  fishes,  or  give  support  to  other 
hard  parts  as  in  the  vertebrate  skull ;  and  this,  coupled  with  the 
apparent  external  uses  of  the  Aptychus,  drives  one  to  the  conclnsiun 
that,  though  primarily  internal,  it  must  have  reached  the  surface  by 
degeneration  of  tissues  external  to  it.  What  these  tissues  were,  it 
is  impossible  to  say  with  certainty.  Perhaps  it  was  preformed  in 
cartilage,  for  that  tissue,  as  von  Jhering  has  shown,  sometimes  becomes 
separated  into  square  cells  by  means  of  fibres  running  through  it; 
or  more  probably,  the  mass  of  muscle  which  constituted  the  hood. 
or  conjoined  tentacles,  became  surcharged  beneath  the  sarcolemma 
with  calcium  carbonate,  as  happens  in  the  case  of  man  and  hiber- 
nating carnivores,  where  it  gives  rise  to  gout;  and  the  enclosed 
muscle  bundle  then  decaying,  left  the  cavity  of  the  cell  empty, 
or  filled  with  secondary  liquids,  etc.  Possibly,  also,  as  suggestetl 
by  the  last  simile,  the  Aptychus  may  have  been  formed  at  special 
resting  periods  during  the  life-history  of  the  animal,  for  the  organ 
has  no  means  of  growing  when  once  it  is  fully  formed ;  and  to  this 
cause  may  be  due  the  small  size  of  the  Aptychus  in  some  species, 
as  compared  with  the  normal  aperture;  that  is,  the  lid,  once  formeil, 
was  retained  for  a  long  time  without  increment,  though  the  animal 
itself  went  on  growing  as  usual.  In  other  cases  it  would  become 
thrown  off  when  the  animal  resumed  active  habits. 

Although  the  structure  of  the  Aptychus  has  many  times  been 
figured,  especially  in  Meneghini  and  Bornemann's  classical  paper/ 
yet  preparations  that  I  have  made  show  a  feature  that  seems  to 
have  escaped  the  notice  of  other  observers,  namely,  that  the  cells 
of  the  middle  layer  communicate  one  with  another,  and  that  their 

*  Atti.  Soc.  Toscan.  di  Sci.  nat.  1876,  vol.  ii. 
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cavities  open  on  to  the  outer  enrfaoe  by  means  of  trumpet-Bhaped 
aperturoa  (Fig.  3).  This  efaows  that  there  was  Bomething  in  the 
cells  that  required  taking  to  the  surface,  and  the  auggsation  of 
degpnerate  muscle  supplies  a  clue  to  the  meaning.  Tlie  nineole 
would  decompose  slowly,  having  only  a  limited  oommunioation 
with  the  exterior,  and  gases  would  naturally  force  their  way 
through  the  substance;  but  as  the  calcite  of  the  Aptycbua  is 
peculiarly  compact,  it  would  have  to  make  definite  oouduits  for 
itself.  This  gas  would  probably  be  poisonoua  cr  evil  smelling,  bo 
that,  when  the  animal  was  reating  during  the  elaboration  of  eggs, 
and  the  Aptyohus  applied  to  the  opening,  a  natural  defence  would 
be  Bccured  against  other  predacious  Molluaca,  worms,  and  especially 


3.  Section  of  Aplyehui  lavit,  yon  Meyer,  cnt  at  right  angira  to  the  hinge- 
line  in  about  the  centre,  a,  a,  a,  connaunjcating  cells  of  the  middle  larer 
opening  by  two  orificea  on  the  eiterior  d,  d;  i,  i,  ligament  pits  ?  of  tlio 
hinge^Bne  ;    ;,  secondary  outer  layer  of  calcaieoui  material ;     t,  e,  inner 

:>  secure  a  foot-hold  on  resting 
jn,  the  Aptychus  is  free  from, 
though  the  pearly  shells  which  contain  them  nearly  always  show 
abundant  evidence  of  their  ravages. 

It  is  in  this  connection  that  I  think  we  should  look  for  the  reason 
why  the  Aptyohus  is  so  frequently  preserved,  while  no  trace  of  the 
Ammonite  shell  is  discoverable  in  the  same  beds.  Fuclis'  advanced 
the  explanation  that  the  shells  consist  of  aragonite,  and  the  Aptychus 
of  calcite ;  but  this  difference  would  not  sufficienlly  account  for  the 
phenomenon  where  the  action  of  solvent  waters  went  on  for  a  great 
length  of  time.  Also,  although  Sorby'  and  others  quote  the  speciGc 
gravity  of  the  Nautilus  shell  as  2-9  (aragonito),  I  have  tried  it  with 
every  possible  care,  both  in  the  specific- gravity  bottle,  and  the  Joly- 
spring  balance,  and  have  found  it  2'6S  (calcite) ;  the  structure  and 
properties  of  the  Ammonite  shell  are  so  exactly  similar  to  that  of 
the  recent  Nautilus,  that  what  obtains  for  the  one  holds  good  for 

■  Sitz.  ber.  d.  k.  Ak.  d.  WUs.,  Math.-nat.  cl.  Bd.  hiri.  ISTT,  p.  32B;  also, 
Terbandl.  d.  k.k.  geol.  Beichsanst.,  Wien,  1S79.  no.  S,  p.  ISS. 
tn — :j_^.-i  uj — !,  Ctool.  Soo,  ie79,p,  30, 
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the  other.  Bnt  if  the  Aptyohui  oontnined  gas  wfaen  immersed  m 
wnter  it  nonlcl  be  Burrounded  by  a  film  of  it,  sDd  thus  woald  be 
rendered  pracliooltj  imperviouB  to  the  water  containing  carbon 
dioxide  in  solution  ;  while  on  the  other  hand,  the  shell  tends  to  split 
repeatedly  parallel  to  the  surface,  and  thus  draws  the  water  Joto  the 
cracks  by  capillary  attraction,  thereby  exposing  an  enormous  inrfsce 
to  the  solvent  action. 

The  outer  layer  of  the  Aptychus  grows  by  simple  depositioD  of 
celcite  on  the  exterior,  obscuring  often  the  original  outer  omamento- 
tioD ;  thus  in  Apiythut  lavia,  von  Meyer,  the  surfaoe  is  perfectly 
smooth,  with  fine  punctures  all  over  it;  but  on  cutting  a  sectiou  of 
it  radially  from  the  umbo  (Fig.  4),  the  primary  ridges  are  clearly 
seen,  which  would  put  it  into  the  group  Imbrieati.  Where  tbie 
deposit  on  the  outer  surfaoe  is  thick,  as  in  the  region  near  the 
iimboee,  the  tubes  communicating  with  the  cavities  of  the  cells  of 
tlie  middle  layer  are  proportionately  long.  No  trace  of  oommunics- 
tions  thniugh  the  internal  layer  has  been  observed. 

The  hinge-line  of  the  two  valves  shows  narrow,  deep  oelli  filled 
in  with  a  black  material;  von  Meyer'  has  described  them  as  liga- 
ment pits,  though  in  ray  preparations  they  do  not  show  any  opening 
on  to  the  exterior ;  the  outer  boundary  however,  may  be  secondary 


y 

Fio.  4.   The   fume   spprimen   as   in   Fis.   3,   but  cut  radinlly   from   the  mnb". 

n,   o,    llie    priniim'   imiiriiviliDg    oiilrr   laver :     A,   the   secoBdory  uulff 

JajiT ;  c,  e.  Iiibulps  niuiuDK-  from  llic  cnvilies  of  the  lells  lo  the  eiteii'ir : 

d,  d.  the  iirilices  of  tin:  lubuli  plufTKi'*!  up  «ith  black  material  (carboaurtl 

noiuial  malt4.-r  I')  ;  e,  iulLTDal  layer;   /,  the  umbo. 

in  origin,  but  the  specimens  I  have  out  certainly  did  not  owe  their 

adherence  to  ligament,  but  to  the  tissues  underlying  the  two  halves 

during  life. 

In  the  group  of  Aptt/chi  jtigreicenleB  the  inner  layer  is  represented 
by  a  brilliant  black  coaly  material,  usually  considered  to  be  car- 
bonized horny  matter;  but  there  is  no  reason  why  it  should  not  be 
the  decayed  remnant  of  a  derivative  of  muscle-tisaue,  viz.  ligament. 
Whatever  be  the  nature  of  the  tisauea  forming  the  Aptycbus,  the 
preweucu  of  tnbuli  reaching  from  llie  cavities  of  the  cells  to  the 
exterior  is  absolutely  opposed  to  the  functional  internal  nature  of 
the  shell. 

'  Nnvn  Acta  Ac.  T^,   Car.  Not.  Cur.,   Bd.  m.  No.  2,   1831  ;    mentiou  " 
"  atailLminkvuihj  Ueruuh     wbvn  the  Aptjchua  is  diuolved  in  acid. 
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3.  In  reference  to  the  size  of  the  Aptychas,  it  seems  natural  that 
it  should  not  exactly  fit  the  aperture  of  the  shell,  for  if  it  did  the 
animal  would  have  to  he  continually  opening  the  lid  to  ohtain  fresh 
water ;  while  if  there  were  abundant  space  between  the  operculum 
and  the  shell-wall,  the  animal  could  breathe  continuously  in  a 
contracted  condition,  and  the  presence  of  ^*sir%es  creuaea**  in  the 
test  of  many  Ammonites  (produced  by  the  tightening  of  the  muscular 
walls,  so  that  they  were  thrown  up  into  little  ridges  which  left 
their  imprint  on  the  inner  shell)  seems  to  necessitate  the  power  of 
doing  so.  While,  again,  if  the  Aptychus  were  poisonous,  as  I  have 
suggested,  and  not  merely  a  passive  protection,  there  would  be  no 
necessity  for  the  orifice  to  be  closely  shut.  At  any  rate,  then,  there 
seems  abundant  evidence  that  the  Aptychus  could  perform  useful 
functions  as  an  operculum  without  having  to  fit  the  aperture  exactly. 

In  conclusion,  I  have  shown  that  the  theories  against  the  Aptychus 
being  an  operculum  can  be  met  with  equally  plausible  ones  in 
favour  of  that  view ;  and  the  fact  that  the  Aptychus  is  known  in 
one  specimen  to  have  officiated  in  that  capacity,  ought  to  throw 
suspicion  on  the  other  theories. 


Abstracts  of  Papers  read  before  the  British  Assooiation  at 

Oxford,  August  9-14,  1894. 

I. — Thb  Probable  Banob  of  the  Coal-measures  under  the 
Newer  Hooks  of  Oxfordshire  and  the  Adjoining  Counties. 
By  Professor  Botd-Dawkins,  F.R.S. 

THE  principle  laid  down  by  God  win- Austen  and  Prestwich  that 
the  master  or  tectonic  folds  in  the  pre-Carboniferous  and 
Carboniferous  rocks  are  lines  of  weakness  along  which  the  newer 
rocks  have  been  folded  in  later  times,  has  been  recently  applied 
by  Bertrand  to  the  district  of  northern  France.  In  the  present 
communication  the  author  proposes  to  see  how  far  it  can  be  used 
in  the  search  after  the  buried  Coal-fields  of  the  counties  of  Oxford, 
Buckingham,  Berks,  and  Wilts. 

From  the  relation  existing  between  the  tectonic  anticlines  and 
synclines  in  the  districts  of  South  Wales,  Gloucester,  and  the 
West  of  England,  where  they  can  be  studied  at  the  surface  in  the 
Palaeozoic  rocks,  most  important  conclusions  may  be  drawn  as  to 
the  Coal-fields  buried  under  the  newer  rocks  in  southern  England. 
They  are  as  follows : — 

1.  llie  Mid-Devon  syncline,  traceable  eastwards  until  it  cuts  the 
sea-line  near  Bognor. 

2.  The  North  Devon  anticline,  which  runs  eastwards  through  the 
Vale  of  Wardour,  past  Salisbury,  and  along  the  anticline  of  the 
Weald  from  Petersfield  to  Dungeness. 

3.  The  Mid-Somerset  syncline,  which  sweeps  eastward  through 
the  Vale  of  Bridgewater  and  Glastonbury,  through  the  Chalk  downs 
between  Heytesbury  and  Hindon,  to  Haslemere.     From  this  point 
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it  is  oontinned  to  the  east  throngh  Tanbridge  Wells  and  Tenterden 
to  the  sea  to  the  south  of  Hythe. 

These  three  folds  have  no  bearing  on  the  range  of  the  Coal-fields 
in  the  drainage  area  of  the  Thames.  The  fourth,  or  Pembroke- 
Mendip  anticline,  and  the  fifth,  or  South  Welsh  synclioe,  are  the 
two  great  tectonic  folds  which  remain  for  consideration. 

The  Pembroke-Mendip  anticlinal  range,  highly  faulted  and  folded, 
is  traceable  westwards  into  South  Ireland,  and  eastwards  throngh 
Pembroke  and  the  peninsula  of  Gower,  to  the  south  of  Cardiff, 
through  Weston-super-Mare  and  the  Mendip  Hills.  Throughont 
this  area  it  forms  the  southern  margin  of  the  Coal-fields.  Near 
Frome  it  plunges  beneath  the  Oolites.  It  is,  however,  clearly 
marked  by  the  Upper  Greensand  anticline  of  the  Vale  of  Pewsey, 
and  by  the  Upper  Greensand  inliers  of  Ham  and  Kingsclere. 
Thence  it  passes  along  the  line  to  the  high  downs  past  Basingstoke 
and  Farnham  to  Peasemarsh,  south  of  Guildford,  where  it  is  seen 
in  an  inlier  of  Weald  clay.  It  is  carried  still  further  to  the  east 
by  similiar  inliers  south  of  Westerham,  and  at  Wateringbury  and 
Maidstone.  From  Maidstone  it  sweeps  to  the  south-east,  through 
Otham  and  Ashford,  arriving  at  the  coast  close  to  Hythe.  In  the 
eastern  portion  of  its  course  it  has,  in  my  opinion,  been  the  chief 
factor  causing  the  south-eastern  trend  of  the  North  Downs  in  the 
district  of  Maidstone.  It  forms  also  the  southern  boundary  of  the 
south-eastern  Coal-field  discovered  in  the  boring  at  Dover,  and  of 
the  Coal-fields  of  northern  France  and  Belgium. 

The  South  Welsh  syncline,  only  two  miles  wide  at  St  Bride's 
Bay,  in  the  anthracite  district  of  Pembroke,  widens  out  into  the 
Coal-field  of  South  Wales,  twenty  miles  in  width.  As  it  approaches 
the  upper  estuary  of  the  Severn  it  is  represented  by  the  outlying 
Coal-field  of  the  Forest  of  Dean,  and  the  three  partially  or  wholly 
covered  fields  to  the  north  of  the  Mendip  Hills,  distributed  through 
an  area  ineaRuring  forty-five  miles  from  north  to  south.  The  wedge- 
lik(3  syncline  with  its  more  or  less  connected  Coal-fields  continues  to 
widen  eastwards,  its  northern  boundary  being  probably  represented 
by  a  line  drawn  from  the  northern  rim  of  the  South  Welsh  Coal- 
field  to  the  north  of  the  Forest  of  Dean,  and  continued  due  east 
beneath  the  Secondary  and  Tertiary  rocks  to  some  point  between 
Walton-on-the-Naze  and  the  mouth  of  the  Black  water.  It  passes 
through  Gloucester,  Kissington  in  the  valley  of  the  Windrush, 
Blenheim,  Kirtlington,  Quainton,  Luton,  Bishop's  Stortford,  Dun- 
mow,  Brain  tree,  and  Colchester.  The  width  of  this  great  tectonic 
syncline  between  Colchester  and  Dover  is  about  fifty  miles,  and  it 
occupies  nearly  the  whole  of  the  London  Tertiary  basin,  which,  it 
must  be  noted,  is  of  the  same  wedge  shape,  widening  to  the  east. 

The  boring  recently  described  by  Mr.  Whi taker  at  Culford,  near 
Bury  St.  Edmunds,  in  which  a  slate  rock,  probably  of  Silurian  or 
pre- Silurian  age,  was  struck  at  a  depth  of  637  feet  6  inches  from 
the  surface,  shows  that  in  all  probability  that  area  is  an  anticlinal 
area.  About  forty-two  miles  to  the  south,  in  the  deep  boring  at 
Harwich,  the  Yoredale  shales  come  in.    Both  these  points  are,  be  it 
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remarked,  to  the  north  of  the  line  in  question.  Both  indicate  a 
Palaeozoio  area  in  Suffolk  and  northern  Essex  older  than  the  Coal- 
measures,  and  similar  to  that  on  the  same  meridian  in  South  Wales 
and  Gloucestershire  which  lies  to  the  north  of  the  western  Coal- 
fields. We  have,  therefore,  not  merely  a  well-defined  Pembroke- 
Mendip  anticlinal  forming  the  southern  boundary  of  the  Coal-fields 
both  in  the  west  and  in  the  east,  as  proved  by  the  south-eastern 
Coal-field  at  Dover,  but  also  evidence  of  the  continuation  of  the 
South  Welsh  pre-Carboniferous  barrier  of  Hull,  which  forms  the 
northern  boundary  of  the  visible  Coal-fields  due  eastwards  into 
Sufifolk.  It  may,  therefore,  be  reasonably  inferred  that  similar 
Coal-fields,  isolated  from  each  other  by  tracts  of  older  rocks,  are  to 
be  found  in  the  South  Welsh  syncline,  where  it  lies  buried  beneath 
the  Secondary  and  Tertiary  strata.  In  other  words,  we  may  conclude 
that  there  are  Coal-fields  in  North  Wilts,  in  the  counties  of  Berks, 
Oxford,  and  Buckingham,  and  the  Tertiary  basin  of  the  Thames 
within  the  limits  laid  down  above,  and  in  a  direction  indicated  in 
1871  by  the  Coal  Commissioners. 

One  such  Coal-field,  indeed,  has  already  been  discovered  in  a  deep 
boring  at  Burford,  near  Whitney,  in  the  valley  of  the  Windrush. 
The  discovery,  however,  has  unfortunately  not  been  followed  up, 
and  we  do  not  know  whether  it  is  of  wide  east  and  west  range, 
similar  to  that  of  South  Wales,  or  of  Bethune  and  Namur,  or 
whether  it  is  small  and  unimportant,  like  some  of  the  smaller 
Coal-basins  north  of  the  Mendip  Hills.  It  offers  a  sure  basis  for 
other  deep  borings,  which  might  have  the  same  industrial  effect  on 
Oxfordshire  as  those  which  have  extended  the  range  of  the  buried 
Coal-measures  in  northern  France,  ninety  miles  to  the  west  of 
Charleroi,  and  converted  a  purely  agricultural  into  a  great  manu- 
facturing district  There  is  no  practical  difiBculty  arising  from  the 
depth  at  which  the  Coal-measures  may  be  expected  to  occur  in  this 
region.  At  Burford  they  were  struck  at  1184  feet  from  the  surface, 
and  at  Dover  at  1113  feet  below  high- water  mark. 

The  borings  in  the  area  of  the  London  Terticunes  prove  that  the 
Palteozoio  rooks  are  not  buried  to  a  greater  depth  than  about  1200 
feet  below  sea-level,  and  in  Hertfordshire  to  as  little  as  796  feet 
The  most  important  collieries  in  England  are  carried  on  at  depths 
ranging  from  1500  to  more  than  3000  feet  The  new  light  thrown 
upon  the  question  of  the  buried  Coal-fields  by  recent  discoveries 
places  it  in  a  very  different  position  from  that  which  it  occupied 
in  1871,  when  Godwin-Austen,  Prestwich,  and  Hull  gave  their 
evidence  before  the  Boyal  Commission. 

The  boring  at  Dover,  revealing  the  existence  of  a  valuable  Coal- 
field, now  offers  a  fixed  point  for  further  discovery  in  south-eastern 
England.  That  at  Burford  offers  a  similar  basis  for  the  proving 
of  the  Oxfordshire  Coal-field.  The  many  other  wells  and  borings 
made  in  the  area  of  London,  and  as  far  north  as  Bury  St  Edmunds, 
also  afford  important  information  as  to  the  northern  boundary  of  the 
productive  South  Welsh  syncline.  The  development  of  our  mineral 
wealth  is  of  such  vast  importance  that  it  would  be  quite  worth  the 
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while  of  the  OoTernment  to  undertake  a  series  of  experimental 
borings,  which  would  indicate  the  exact  position  of  the  buried  Coal- 
fields. In  the  present  state  of  the  mining  laws  it  is  a  task  not  likely 
to  be  undertaken  by  the  private  adventurer.  It  might,  however,  be 
carried  out  by  the  County  Councils,  or  by  a  combination  of  land- 
owners, either  with  or  without  a  compulsory  rate,  as  the  property 
would  be  benefited  by  the  discovery  of  new  fields.  It  is  one  of 
those  objects  of  public  utility  which  are  especially  worthy  of  the 
support  of  the  British  Association  at  this  time  and  in  this  place. 

IX. — Stonesfield  Slate.  Report  of  the  Comxittsk,  ooNsismra 
OP  Mr.  H.  B.  Woodward  (Chairman),  Mr.  E.  A.  Walford 
(Secretary),  Professor  A.  H.  Grkkn,  Dr.  H.  Woodward,  and 
Mr.  J.  WiNDOES,  appointed  to  open  further  sections  in  the 
neighbourhood  of  Stonesfield  in  onler  to  show  the  relationship 
of  the  Stonesfield  Slate  to  the  underlying  and  overlying  strata. 
(Drawn  up  by  Mr.  Edwin  A.  Walford,  Secretary.) 

THE  basement  beds  of  the  Great  Oolite  in  the  Midlands  and  in  the 
south-west  counties  of  England  have  been  hitherto  supposed 
to  be  well  defined ;  for  in  all  the  records  of  the  many  writers  on 
this  geologic  subdivision,  to  the  Stonesfield  Slate  has  been  assigned 
the  line  of  separation  from  the  Fuller's  Earth  or  Inferior  Oolite,  or, 
where  the  Stonesfield  Slate  is  absent,  as  in  the  extreme  west,  to  the 
Minchinhamptou  beds  has  been  assigned  the  same  position.  Undue 
prominence  has  been  given  to  so  inconstant  a  set  of  beds  as  the 
Slate,  as  much  from  the  ease  witli  which  fossils  for  its  study  have 
been  collected  as  from  the  varied  character  of  the  fauna  and  flora 
found  in  it.  From  the  days  when  the  finding  of  the  mammalian 
remains  in  the  Slate  called  the  attention  of  geologists  prominently 
to  it,  every  text-book  of  geology  has  found  a  phice  for  it  at  the 
oottoni  of  the  Great  Oolite  limestones.  Though,  however,  text- 
books and  ])apers  have  defined  the  lower  boundary  of  the  Great 
Oolite  80  clearly,  the  officers  of  the  Geolo<:cical  Survey  in  their  work 
in  the  neighbourhood  of  Stonesfield  fonnd  the  lines  so  difficult  to 
defuie  that  it  became  necessary,  where  the  Slate  had  disappeared, 
to  adopt  an  intermediate  colouring,  a  kind  of  no-man's-land.  Since 
then  an  argillaceous  stratum,  *'the  IJift  bed,"  has  been  recognise*! 
as  tlie  lowest  of  the  Great  Oolite  beds  in  the  Banbury  and  Hook 
Norton  area. 

The  endeavour  of  the  work,  for  which  the  British  Association 
made  a  money  grant  in  181)3,  has  been  to  ascertain  the  thickness 
and  composition  of  the  beds  underlying  the  Slate,  for  hitherto  no 
account  of  these  beds  has  been  obtainable,  Prof.  Ed.  Hull's  record' 
of  70  feet  being  the  only  assumed  thickness  of  the  Great  Oolite, 
and  to  this  he  adds  30  feet  for  the  Inferior  Oolite.  Though  their 
thickness  seems  to  be  over-estimated,  no  correction  or  account  of  a 
series  of  rocks  so  important  has  since  then  been  made.  Nearer 
Chipping  Norton,  however,  Mr.  J.  Windoes,  Mr.  W.  H.  Hudleston,* 

1  Report  Brit.  Assoc,  p.  82  isections),  1860. 

*  Sv.  II.  Iludleatou,  Proc.  Geol.  Assoc,  vol.  v.  No.  7. 
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and  your  Secretary  ^  haye  worked  at  some  of  the  debatable  beds 
above  the  Clypeas  grit,  one  of  the  highest  of  the  Cotswold  divisions 
of  the  Inferior  Oolite.  To  the  bulk  of  these  beds  has  been  given 
the  name  of  the  **  Chipping  Norton  Limestone  "  by  Mr.  Hudleston, 
and  though  the  beds  have  not  been  reached  in  the  section,  they  may 
be  seen  in  the  lane  sections  and  near  the  spring  on  the  banks  of  the 
Evenlode,  south  of  StonesQeld.  Tour  Secretary  in  1892-93  sank 
a  shaft  near  Ditchley,  Oxon,  to  find  out  the  true  position  of  the 
Slate  beds  there ;  but  of  this  an  account  will  be  published  elsewhere. 

The  progress  of  the  work,  so  far,  at  Stocky  Bank,  Stonesfield,  has 
consisted  in  scarping  the  bank  for  33  feet,  and  in  continuing  the 
section  by  carrying  a  shaft  of  20  feet  in  depth  through  the  lower 
bank.  The  purpose  of  the  work  has  been  so  far  successfully  carried 
out  by  showing  the  existence  of  30  feet  of  rock  with  some  thin  clay 
courses  below  the  Slate.  These  limestones  and  clays  (see  accom- 
panying section)  are  of  Great  Oolite  type.  To  reach  the  Clypeus 
grit  will  need  an  extension  of  time  and  work. 

Your  Secretary  has,  by  the  discovery  of  numerous  species  of 
corals  on  the  ploughed  fields  on  the  bank  top,  been  able  to  define 
the  Coral  bed  (Rift  bed) '  so  prominent  a  feature  in  the  near  section 
at  Ashford  bridge.  Seventeen  feet  below  the  coral  bed  a  course  of 
Slate  is  met  with,  almost  thinned  out  at  that  point,  and  only  from 
5  to  7  inches  in  thickness ;  the  total  thickness  of  it  and  the  asso- 
ciated beds  (10,  12,  13  of  the  section)  being  about  5  feet.  The 
usual  fossils,  Trigonia  impressa^  etc.,  occur.  In  the  lower  limestones, 
15  and  17,  are  greenish  clay  inclusions. 

The  great  metss  of  bufif  limestone  below  the  slate  is  almost  un- 
fossiliferous,  and  neither  its  mineralogioal  character  nor  its  few  fossils 
give  sure  evidence  of  its  relationship  to  neighbouring  beds. 

Prominent  in  the  lower  half  of  the  section  is  the  breaking  up  of 
the  calcareous  series  by  small  clay  beds,  and  of  these  No.  23,  with 
its  dark  compact  clays,  is  in  part  made  up  of  oyster-shell  fragments. 
It  contains  numerous  compressed  shells,  Pema  quadraia,  Nucula,  etc., 
but  washings  of  the  beds  yield  hardly  any  microzoa.  The  lime- 
stone above  the  clay  yields  well-known  Great  Oolite  shells,  Myitlus 
Sowerbyamis,  Bhychonella  concinna,  and  Ostrea  Sowerhyi,  The 
shelly  limestone  below  the  clay  is  in  part  an  Oyster  lumachelle, 
and  passes  into  a  blue-hearted  limestone  with  Pema  qtiadraia,  large 
Cyprineet  Corbula,  and  Macrodon.  Here,  again,  both  petrological 
facies  and  fauna  are  dissimilar  to  any  of  our  known  Oxfordshire 
Oolitic  rocks  and,  like  e£U2h  of  the  succeeding  lower  beds,  should  be 
classed  as  Great  Oolite ;  one  of  the  latter,  a  hard,  very  oolitic  free- 
stone, has  also  as  distinctive  a  character. 

In  conclusion,  it  should  be  stated  that  though,  when  Prof.  Ed. 
Hull  reported  to  your  Association  at  its  Oxford  meeting,  thirty- 
four  years  ago  (1860),  the  presence  of  seventy  feet  of  Great  Oolite 
limestone  under  the  Stonesfield   Slate,  it  seemed  to  be  an  over- 

*  E.  A.  Walford,  "  On  the  Relation  of  the  so-called  Northampton  Sand  of  North 
Oxon  to  Clypens  Grit,"  Q.J.G.S.,  vol.  xxxix.  p.  236. 
»  E.  A.  Walford,  Q.J.G.S.  vol.  xxxix.  p.  230. 
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estimate,  yet  the  resalt  of  the  present  investigation  has  heen  to 
prove  the  presence  of  an  important  and  overlooked  section  of  the 
Great  Oolite,  and  to  entitle  place  for  it  in  future  aooounts  of  that 
subdivision.  That  Prof.  A.  U.  Green  doubted  the  ezistenoe  of  so 
great  a  series  of  beds  as  those  quoted  by  Prof.  Hull  is  proved  by 
the  absence  of  any  account  of  them  in  his  exoellent  memoir  **  On  the 
Geology  of  the  Country  round  Banbury,  Woodstock,  Bicester,  and 
Buckingham,'*  published  in  1864. 

Mr.  James  Windoes,  Mr.  Wilfrid  Hudleston,  Mr.  H.  B.  Woodward, 
and  your  Secretary  have  also  worked  in  later  years  at  the  deter- 
mination of  the  equivalent  of  these  lower  Bathonian  beds  in  the 
neighbourhood  of  Chipping  Norton. 

To  his  Grace  the  Duke  of  Marlborough,  to  the  Right  Hon.  Lord 
Dillon,  to  Mr.  John  Barrett  of  Stonesfield,  and  to  Mr.  S.  Shilson  of 
Charlbury,  the  thanks  of  your  Committee  are  due  for  aid  in  this  and 
other  relative  work. 

The  probable  extension  of  a  lower  division  of  the  Great  Oolite, 
great  enough  to  entitle  it  to  a  place  as  a  sub-formation,  below  the 
limit  reached  by  us  makes  a  continuance  of  the  work  a  necessity  for 
the  right  understanding  of  the  Lower  Jurassic  rocks  of  Great  Britain. 

Section  at  the  S.W.  end  of  Covert,  Stocky  Bank,  Stonesfield,  Oxon,  1894. 

Ft.  in. 

1.  HuTniis  with   limestone    fragments    containing    Nerinma,    Oryptoe^tnU 

Prattiiy  E  and  H,   Cryptoeania  sp.,  Itoitraa  micrcphyila.  Tomes, 

hattraa  limitata^  Lamx.,  lanstraa  near  to  limitata,  Lanix.,  Tkam- 

nastraa  LyelH,  E.  and  H.,  and  Epitmilia  sp.  **  Rift  Bed"  .        .09 

2.  Grey  Marls  with  Ostrea^  Placunopsiit,  and  Rhynchonella  concinna  .         .40 

3.  Fawn -(M>1  cured  Sands  and  Marls — Oyster  bed        .         .         .  .         .20 

4.  (rrey  shelly  compact  Limestone,  weathering  cream-coloured    .  .        .60 
6.  Hard  grey  Marls  with  Rhynchonella  concinna         .         .         .  .         .09 

6.  Shelly  Limestone ..06 

7.  Marl 0    2 

8.  Limestone 1    3 

9.  Marls  with  Oysters,  etc.       .         .  .         .         .         .         .         .26 

10.  Limestone,  shelly  Oolitic  and  cream-coloured  "Roof*  of  Slate       .         .IS 

11.  Stonestield  Slate,  **  Top  hard,"  compact,  grey  crystalline        .         6  in.  to  7  in. 

12.  Soft  fissile  Sandstone 'Tendle"   .         .         .       '.         .         .         9  in.  to  1  n. 

13.  Limestone,  coarsely  fissile  and  Oolitic,  with  clay  inclusions,  concretions, 

hlack   carbonaceous  markings,  and   fragments  of  Rhynchonalla  and 
Trigonia  impressa    .......  .  ..20 

14.  Marl,  brown  fissile  and  sandy        .         .         .         .         .         .         .         .03 

15.  Shelly  Limestone,  laminat^id  and  banded  with  clay  inclusions   in  the 

upper  part :  fa>vn  coloured  with  Oysters    .         .         .         .         .         •    -    ? 

16.  Soft  fissile  Sandst^me  with  carbonaceous  markings  .         .         .         .05 

17.  Limestone,  compact,  close-grained,  fawn  coloured,  with  carbonaceous 

markings  and  clay  inclusions     .         .         .         .         .         .         .         .    7   ^ 

18.  Limestone,  close-grained,  buff  coloured         .         .         .         .         .         .56 

10.  Clay 16 

20.  Limestone,  compact,  buff  coloured .28 

21.  Marl "4 

22.  I^imestone,  white,    shelly,   and  crystalline,   with   Mytilus   Smvcrbyanm 

Rhynchonella  concinna^  and  Osttea  iSowerhyi      .         .         .         .         .     1    -^ 

23.  Black  Clay,  crowded  with  Rlacunopsis  in  places,  with  Pema^  Nucula, 

and  Ostrea       .         .         .         .         .         .         .         .         .         .         .17 

24.  Shelly  earthy  Limestone,   made  up  mainly  of  Oyster   fragments,  and 

j)as-«.ing  into  a  brown,  blue -hearted  Limestone  crowded  with  shells. 
Tana  quadratUy  large  Cypritui^  CorbuUtf  and  Macrodon      .         .        .20 
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Ft.  in. 

25.  Black  Clay 0  11 

26.  Hard  Oolitic  Freestone,  blue-heaHed,  made  up  of  whitish  Oolites  in  blue 

or  brown  base 2    0 

27.  Rubble 0    3 

28.  White  fine-grained  Limestone,  with  few  shells 12 


IIL — On  sohs  Laoustbinb  Dkposits  of  the  Qlaoial  Period  in 
Middlesex.     By  Henry  Hicks,  M.D.,  F.R.S.,  F.Q.S. 

IN  this  paper  the  aathor  refers  to  some  deposits,  consisting  of 
stratified  gravels,  sands,  and  clay,  varying  in  thickness  from  a 
few  feet  to  over  20  feet,  which  are  spread  out  over  the  plateaaz  of 
Hendon,  Finchley,  and  Whetstone,  lliey  are  frequently  covered 
over  by  the  chalky  Boulder-clay  with  northern  erratics ;  but 
seldom  themselves  contain  other  materials  than  those  which  could 
have  been  derived  from  the  Tertiary  or  Cretaceous  series  in  the 
south-east  of  England.  No  marine  fossils  of  contemporaneous  age 
have  been  found  in  these  deposits,  but  remains  of  land  animals 
occur  occasionally  in  and  under  them.  The  author  has  found  that 
their  geographical  distribution  is  much  greater  than  has  usually 
been  supposed,  and  he  has  been  led  to  the  conclusion  that  they  must 
have  been  deposited  in  a  lake,  in  the  Glacial  period,  whose  waters 
attained  to  a  height  of  nearly  400  feet  above  present  0.  D.  This 
lake,  he  believes,  occupied  a  considerable  area  in  the  south-east  of 
England,  and  spread  for  some  distance  south  of  the  Thames,  but  was 
dammed  up  on  the  east  and  west  As  the  lake  became  gradually 
reduced  in  size,  lakelets  were  formed  in  the  Thames  Valley,  and 
most  of  the  stratified  deposits  now  found  there,  except  those  in  the 
immediate  proximity  of  the  present  Thames  and  its  tributaries,  date 
back  to  that  period.  Man,  however,  lived  in  the  valley  before  any 
of  these  deposits  were  thrown  down,  hence  it  is  that  the  flint 
implements  and  the  mammalian  remains  usually  occur  under  or  in 
the  lower  parts  of  the  deposits. 


IV. — On  the  Terraobd  Hill  Slopes  op  North  Oxfordshire.    By 

Edwin  A.  Walford,  F.G.S. 

THE  green  slopes  of  many  of  the  minor  vales  of  North  Oxford- 
shire are  scored  with  parallel  terraces  or  terraced  banks, 
frequently  of  such  regularity  in  depth  of  step  and  slope  as  to 
present  to  the  mind  any  other  origin  for  their  formation  than  that 
of  the  e very-day  work  of  natural  forces.  They  have  been  described 
as  camps,  entrenchments,  and  amphitheatres,  and  those  of  other 
districts  Mr.  Gomme  has  described,  and  has  cited  the  many  theories 
of  their  origin. 

Mr.  Walford  first  drew  attention  to  the  Oxfordshire  and  Warwick- 
shire terraced  fields  in  1886,^  and  dealt  at  greater  length  with  the 
subject  in  1890.» 

»  E.  A.  Walford, "  Edge  Hill :  the  Battle  and  Battlefield,"  p.  24  (Banbury,  1886). 
»  E.  A.  Walford,  "On  some  Terraced  Hill  Slopes  in  the  Midlands,'*  Joum.  North- 
ampton  Nat.  Hist.  Soc,  January,  1890. 
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He  {i^ves  as  oauses  of  formation — 

1.  The  downward  creep  of  the  surface  and  snb-surfaoe  soil. 

2.  The  occurrence  of  the  terraces  upon  one  precise  geologio  line, 
the  micaceous  marls  of  the  Middle  Lias  which  oome  in  below  the 
Bed  Hock  bed.  The  marls  are  porous  and  non-ooheeive.  On  the 
slippery  slopes  the  soil  must  creep.  The  rain  and  rain-wash  loosen 
the  light  soil  below  and  about  the  roots  of  the  herbage  and  nrge  iti 
movement  downward.  Terraces  from  an  incipient  stage,  like  an 
ordinary  grass  ridge,  to  minor  and  major  terraced  banks  of  varyiog 
regularity  of  form  can  be  traced.  Below  these  marls  are  depths  of 
compact  blue  clay  (the  zone  of  Ammonites  margaritaius  if  in  near 
contact  with  the  marls).  A  little  below  the  point  where  the  marls 
and  clays  meet  is  the  line  of  water  outflow.  Along  the  line  there 
is  constant  removal  of  marl  by  chemical  and  mechanical  solution. 
The  effect  is  the  loosening  and  sliding  of  the  land  downwards  and 
outwards.  This  pressure  is  aided  by  the  weight  of  the  overlying 
mass  of  rock,  sometimes  twenty-five  feet  in  thickness. 

3.  Free  passage  of  water  through  the  rock  and  marl  is  necessary, 
for  the  Upper  Lias  clays  have  on  the  Oxfordshire  terraced  hills 
either  been  wholly  stripped  from  the  hill  top  or  pushed  back  by 
atmospheric  denudation.  Regularly  terraced  slopes  are  not  found 
on  clay-covered  hills ;  the  appearance  of  terraces  is  coincident  with 
the  wearing  away  of  the  clay  "  roof." 

The  amphitheatre  form  of  terraced  land  is  always  a  valley  bead, 
llie  outflow  of  the  stream — the  valley-maker — marks  ordinarily  the 
base  of  the  amphitheatre.  More  frequently  the  terraces  of  the  valley 
head  are  small  in  slip  and  their  curvature  is  broken.  Such  an  instance 
is  Kenhill,  near  Shennington.  An  instance  of  greater  regularity  of 
curvature  and  greater  depth  of  step  is  the  Beargarden,  Banbury. 

From  the  Edge  Hill  escarpment  a  fork  of  the  Horton  vale  runs 
alongside  Adsum  Plantation,  and  makes  what  is  known  as  Adsum 
Hollow.  The  terraces  sweep  in  regular  curves  along  the  high  banks 
of  the  stream,  and  where  it  joins  the  main  vale  to  the  north  of 
Horley  the  steps  are  so  prominent  as  to  give  the  name  of  Steps 
Meadow  to  the  ground.  Gredenton  Hill,  on  the  Burton  Darrett 
range,  is  very  regularly  and  beautifully  terraced  on  three  sides. 

The  author  does  not  attempt  description  of  the  Chalk  hills  or  the 
lynchets  of  Dorsetshire.  The  sandy  marls  of  the  Dorsetshire  Inferior 
Oolite  have  a  composition  approaching  that  of  the  micaceous  marls 
of  the  Midlands,  and  reasons  like  those  brought  forward  will  no 
doubt  prove  their  similar  mode  of  formation. 


I^  E  "V^  I  E  "W^  S. 


I.  —  Pal^ospongiologie  ;    von    Hermann    Rauff.      Erster   Theil. 

o^«  und  6te  Lieferung.     Mit  17  Tafeln  und  27  Abbildungen  im 

Text.  Palasontographica.  Band  xl.   Stuttgart,  1894,  pp.  233-346. 

n^HE    previously    issued    (1-4)    parts   of   Dr.    Rauflf's    elaborate 

X      Monograph  on  Fossil  Sponges,  which  dealt  with  the  general 

history,  structure,  and  classification  of  the  group,  have  already  been 
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ticed  in  the  Oeologioal  Magazine.^  The  present  issue  begins 
d  special  portions  of  the  work  which  treats  of  the  characters  and 
latioDS  of  the  different  genera  and  species,  taking  them  in  the 
der  of  their  geological  appearance.  In  these  two  parts  the  sponges 
)m  the  Cambrian  rocks,  and  a  considerable  number  of  those  from 
e  Silurian,  are  described  in  great  detail,  and  in  most  cases  both 
e  sponges  themselves  and  their  minute  and  often  intricate  skeletal 
nictures  are  figured  either  in  the  text  or  in  the  beautifully-executed 
^tes,  with  striking  fidelity.  The  majority  of  the  forms  are  not 
)w  to  science,  but  it  may  be  said  of  many  of  them,  hitherto  only 
perficially  described,  that  their  characters  are  now  made  known 
r  the  first  time.  In  several  respects  the  sponges  from  the  older 
cks  present  greater  difficulties  to  the  student  than  those  from  the 
esozoio  formations,  for  they  are  often  less  perfectly  preserved, 
id  the  structures  in  some  differ  markedly  from  those  of  a  later 
^;  but  these  obstacles  have  been  successfully  overcome  by  the 
ithor,  who  has  worked  out  the  construction  of  their  skeletons 
ith  much  skill  and  patience. 

From  Cambrian  strata  but  a  small  number  of  species  are  known, 
td  these  as  a  rule  only  by  imperfect  fragments.  The  Hexactinellid 
mus  Protospongia  is  the  most  widely  distributed  form,  but  it  is 
-incipally  represented  by  detached  spicules  and  small  fragments 

the  mesh,  which,  as  regards  preservation,  fall  far  short  of  those 
Bcovered  by  Dawson  in  the  Ordovician  strata  of  Metis.  Lithistid 
•onges  from  the  Upper  Cambrian  of  the  Mingan  Islands  are  better 
eserved,  at  all  events  in  the  case  of  the  remarkable  Archaoscyphia 
inganenstSy  Bill.,  sp.,  whose  affinities  to  this  group,  which  had  been 
sputed  by  Bomemann,  are  confirmed  by  the  author ;  another  form, 
•St  described  by  Billings,  is  the  Nipterella  paradoxica.  Dr.  Rauff 
>ry  properly  excludes  from  the  group  a  number  of  peculiar  bodies 
ora  the  Cambrian  of  New  Brunswick,  which  Mr.  G.  F.  Matthew 
id  placed  under  sponges,  apparently  because  they  would  not  fit  in 
ith  any  other  class  of  organisms,  and  also  the  doubtful  Leptomitua 
Ittelif  Walcott,  and  a  few  others. 

Coming  now  to  the  Silurian  (in  which  the  Ordovician  is  included 
f  the  author),  we  meet  with  a  very  considerable  increase  in  genera 
id  species  both  of  Hexactinellid  and  Lithistid  sponges.  The  Hexac- 
aellids  all  belong  to  the  Lyssakine  division,  and  are  referred  to 
le  following  genera:  Frotospongia,  Dictyophytra  {=zDictyophyton, 
!all),  Cyathophycus,  Falaosaccua,  Acanthodictya,  Flectoderma,  and 
eganiunif  n.g. 

An  interesting  new  form  of  this  group,  from  the  Wenlock  Lime- 
one  of  Dudley,  is  described  under  the  name  Oncoaella  catinum,  n.g. 
;  sp.  Only  one  specimen  of  it  is  as  yet  known,  and  it  is  remark- 
iHe  to  find  that  it  retains  its  form  fairly  complete  and  uncompressed, 
though  its  original  siliceous  skeleton  has  been  altogether  replaced 
Y  calcite.  Yet  other  Hexactinellid  genera  of  somewhat  less  regular 
iiild  are  Pattersoniaf  Miller  {=zStrobilo8pongiay  Beecher),  Brachio- 
}ongia,  and  Amphispongia.     Dr.  Banff  does  not  hesitate  to  rank  this 

»  Dec.  III.  Vol.  X.  1893,  p.  624. 


468  Reviews — Dr.  Rauff*8  Palaospongiology. 

latter  genus  as  a  genuine  Lyssakine  Hezactinellid,  in  spite  of  its 
peculiar  features.  Of  not  infrequent  ooourrenoe,  both  in  Silarian 
and  in  Carboniferous  rocks,  are  the  bundles  of  spicular  rods  which 
anchor  the  Hexaotinellid  sponges  to  the  sea-floor;  they  have  been 
variously  named  according  to  the  different  opinions  held  aboat  them ; 
thus  M'Coy  and  Portlock  considered  them  as  annelid  tabes,  and 
placed  them  under  Serpula ;  subsequently  M'Coy  placed  them  in  a 
distinct  genus,  Fyritonema,  For  similar  spicular  bundles  in  the 
Carboniferous  rocks  associated  with  normal  Hexaotinellid  spicules, 
von  Zittel  used  the  generic  term  Byalosielia,  It  is  quite  possible 
that  these  bundles  may  have  belonged  to  different  species  and  genera 
of  sponges,  and  Dr.  Rauff  proposes  to  employ  M'Coy^B  name  for 
Siluiian,  and  von  Zittel's  for  Carboniferous  specimens.  But  until  it 
can  be  proved  that  the  later  ones  belonged  to  another  genus  than  the 
earlier  forms,  these  similar  objects  cannot  rightly  be  placed  under 
two  genera,  and  only  one  of  these  two  names  can  therefore  be 
retained. 

The  Ordovician  and  Silurian  Lithistida  probably  were  more 
numerous  and  important  at  this  epoch  than  the  Hezactinellidai 
One  of  the  principal  families  is  that  of  the  Astylospongidse,  which, 
with  the  HindiadsB,  is  included  by  the  author  in  the  tribe  Eutazicla- 
dinidse.  In  this  group  the  arrangement  of  the  spicules  and  their 
mode  of  attachment  to  each  other  to  form  the  skeleton  are  of  a  very 
complicated  character ;  theoretically,  according  to  the  scheme  of  tlM 
author,  where  the  rays  of  the  spicule  are  simple,  they  are  so  grouped 
as  to  form  the  outlines  of  a  series  of  rhombohedra.  But  as  one  or 
more  of  the  rays  may  be  in  duplicate,  the  regularity  of  the  theoretical 
plan  is  but  seldom  apparent  in  actual  sections  of  these  sponges. 
From  an  examination  of  a  large  number  of  American  and  European 
specimens  of  the  AstylospongidjB  the  author  has  discovered  that  the 
European  examples  and  those  from  Waldron  in  Indiana  are  charac- 
terized by  smaller  spicules  and  a  closer  skeletal  network  than  exist 
in  the  forms  from  Tennessee  and  Canada,  and  though  it  is  acknow- 
ledged tliat  these  latter  belong  to  the  same  respective  genera  as  the 
former  Dr.  Rauff  proposes  to  distinguish  them  by  employing  a 
different  generic  term  ;  so  that,  for  instance,  the  Tennessee  specimens 
are  placed  under  Astylomanon,  and  the  corresponding  European 
forms  remain  under  Astylospovgia.  We  doubt  very  much  the 
advisability  of  this  proceeding,  in  view  of  the  author's  admission 
that  the  Tenesseean  and  Canadian  Astylospongidae  belong  to  the 
same  genera  as  the  European.  On  the  other  hand,  we  quite  agree 
with  the  author  in  dividing  up  the  forms  hitherto  placed  under 
Asti/lospougia,  retaining  this  name  for  the  typical  A.  pramorsaj 
Goldfuss,  sp.,  which  has  a  definite  cloacal  depression,  and  proposing 
two  new  genera,  Caryospongia  and  Carpospongia^  for  the  specimens, 
in  which  there  is  a  different  arrangement  of  the  canal  system. 

The  structure  of  the  skeleton  in  the  genus  HiWia,  which  is  made 
the  type  of  a  new  family,  is  stated  to  be  in  near  relationship  to  that 
of  the  Astyl'jspongida?.  Both  the  American  and  European  examples 
are  referred  to  a  single  species. 
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In  the  Appendix  the  author  supplies  some  omissions  in  the 
catalogue  of  the  literature  previously  published,  and  continues  it 
down  to  the  end  of  1893,  thus  placing  the  students  of  fossil  sponges 
under  additional  obligations.  G.  J.  H. 

n. — Papers  and  Notes  on  the  Glaoial  Geology  of  Great 
Britain  and  Ireland.  By  the  late  Henry  Carvill  Lewis, 
M.A.,  F.G.S. ;  Professor  of  Mineralogy  in  the  Academy  of 
Natural  Sciences,  Philadelphia,  and  Professor  of  Geology  in 
Haverford  College,  U.S.A.  Edited  from  his  unpublished  MSS., 
with  an  Introduction  by  Henry  W.  Crosskey,  LL.D.,  F.G.S. 
(London  and  New  York :  Longmans,  Green,  and  Go.  1894.) 

SCIENTIFIC  ideas  which  engage  attention  show  a  remarkable 
parallelism  to  the  history  of  characteristic  species  in  a  geological 
formation.  Sooner  or  later,  after  their  first  appearance,  they  attain 
an  extraordinary  development,  displacing  the  other  ideas  or  species 
which  had  previously  been  familiar;  then  become  less  important, 
and  eventually  settle  down  side  by  side  with  the  older  types  of  life 
or  thought,  which  often  come  back  again,  to  share  the  field  with  the 
interloper,  which  has  found  its  true  position. 

The  studies  of  the  elder  Agassiz  among  the  glaciers  of  the 
Alps,  gave  an  impetus  to  observation  of  the  nature  of  glaciers  and 
the  work  they  do,  which  took  nearly  thirty  years  to  develop.  And 
subsequently  the  observations  of  the  late  Sir  Andrew  Harosay,  and 
the  exposition  of  Sir  Archibald  Geikie,  led  to  an  endeavour  to 
discover  the  extent  to  which  the  surface  of  the  earth  has  been 
shaped  by  land-ice,  which  has  now  reached  its  full  expression.  On 
a  recent  occasion  we  drew  attention  to  the  way  in  which  Sir  William 
Dawson,  preserving  the  old  traditionary  iceberg  theory  of  the  origin 
of  glacial  drift,  had  endeavoured  to  apply  it  in  explanation  of  the 
glacial  phenomena  of  North  America,  assigning  a  subordinate  place 
to  the  moraines  produced  by  terrestrial  glaciation.  We  have  now 
the  converse  story  in  the  record  of  observations  made  by  the  late 
Professor  Carvill  Lewis,  on  the  Glacial  Geology  of  the  British 
Islands.  Everyone  who  knew  Mr.  Lewis  will  recognise  that  no 
more  brilliant  exponent  of  the  glacial  theory  has  been  heard  in  the 
present  generation ;  and  whatever  may  be  the  place  which  his 
contribution  to  glacial  geology  eventually  occupies  in  the  history 
of  science,  it  arrests  attention  by  the  boldness  of  conception  which 
directs  it,  and  by  the  breadth  of  observation  of  fact,  which  endeavours 
to  apply  to  this  country  the  mode  of  interpretation  which  he  had 
already  used  in  concert  with  other  geologists  in  the  United  States. 

The  work  was,  unfortunately,  little  more  than  begun,  and  the 
memorial  volume  which  we  now  notice  includes  but  eighty  pages  of 
completed  papers,  and  consists  largely  of  the  contents  of  notebooks, 
which  are  rather  a  diary  of  observations  of  glacial  phenomena  as 
they  were  seen  than  a  digest,  or  interpretation.  The  late  Dr. 
Crosskey  has,  however,  in  his  introduction,  endeavoured  to  indicate 
the  main  points  which  these  extensive  and  original  observations 
suggest  as  worthy  of  examination.    Mrs.  Lewis  contributes  a  short 
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historical  accoant  of  her  hnsband^s  work.  Professor  Lewis  belie?ed 
that  the  diNision  of  the  drift  into  Lower  Boulder-clay,  Middle 
Glacial  Bands,  and  Upper  Boulder-clay,  has  yet  to  be  established; 
and  thon^lit  it  probable  that  the  Upper  and  Lower  Boulder-dajs  in 
Lancashire  may  be  the  same  deposit  Scieooe  is  always  in  danger 
from  hasty  generalization  of  local  phenomena ;  and  those  who  an 
familiar  with  the  Eastern  Counties  sections  of  the  Upper  Boulder- 
clay  have  probably  always  held  that  the  three- fold  diyision  of  the 
drift  is  essentially  local,  and  that  there  has  neyer  been  any  demon- 
stration of  its  universality. 

Professor  Lewis  called  attention  to  the  fresb-water  origin  of  many 
deposits  regarded  as  glacial,  pointing  out  that  when  the  courses  of 
rivers  were  dammed  by  advancing  or  retreating  ice,  morainic  lakes 
would  be  formed,  in  which  icebergs  would  float ;  and  as  a  necessary 
corollary  he  concluded  that  areas  free  from  glaciation  existed  in 
between  the  glaciers.  He  endeavoured  to  define  these  glaciated 
areas  by  tracing  their  terminal  moraines,  and  maintained  that  every 
glacier  could  be  defined  by  this  evidence  in  the  time  of  its  maximum 
development  A  glacier  may  form  a  terminal  moraine,  bat  if  the 
history  of  the  glacier  be  a  story  first  of  augmentation  and  then  of 
diminution,  the  retreat  of  the  glacial  moraine  may  give  rise  ta 
appearances  which  are  not  quite  in  harmony  with  the  theoretical 
position  of  the  parent  ice.  There  can  be  no  doubt  that  enorroons 
masses  of  Boulder-clay  have  been  denuded  since  the  Glacial  period, 
and  the  residue  of  the  boulders  is  only  to  be  fonnd  in  post-Qlaoial 
deposits.  And  one  of  the  problems  of  the  future,  as  of  the  past, 
is  to  discover  the  relation  of  the  snow  waters  upon  the  surface  of 
the  land  to  the  erosion  of  the  Boulder-clay.  For  it  is  always 
towanls  the  river  basins  that  the  clayey  matter  disappears,  and  the 
Boultlor-clay  passes  into  a  hill  gravel  which  shows  some  evidence 
of  water-action.  For  a  long  time  a  submergence  in  the  middle  of 
tlie  Glacial  period  had  been  looked  upon  as  practically  demonstrated, 
but  of  this  submergence  Professor  Lewis  found  at  first  no  evidence, 
or  only  such  evidence  as  would  imply  a  submergence  of  100  feet  on 
the  east  coast,  and  150  feet  on  the  west  coast  of  England. 

The  shell  beds  in  the  Boulder-clay  which  occur  at  great  elevations 
were  regarded  as  having  been  pushed  up  bodily  out  of  the  Irish  Sea 
into  the  positions  in  which  they  are  found. 

The  fossiliferous  deposits  at  a  height  of  400  to  450  feet,  he 
supposed  to  be  transported  by  glaciers  which  formed  an  ice-dam. 
lit  Iping  to  enclose  an  extra  morainic  lake ;  and  in  the  same  way 
the  beds  at  Moel  Tryfaen  are  regarded  as  examples  of  glacial 
transport.  There  is  some  appearance  of  Professor  Lewis  havin;; 
arrived  at  the  conclusion  that  there  was  a  second  and  older  Glacial 
epoch  on  the  evidence  furnished  by  the  sections  at  Frankley  Hill 
and  California,  near  Birmingham,  between  the  500  feet  and  900 
feet  levels,  where  he  found  great  abundance  of  Welsh  felsites  and 
slates.  Since  the  first  Glacial  epoch  he  believed  great  erosion  to 
have  occurred  before  the  second  Glacial  period.  He  remarks  that 
the  Lower  Till  at  California,  if  not  made  by  a  glacier,  was  made  bj 
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water  close  to  the  end  of  a  glacier.  Hence  the  whole  question  of 
subdivision  of  the  Glacial  period  is  practically  left  in  the  position  in 
which  Professor  Lewis  found  it,  and  the  criticism  is  the  history  of 
his  own  increase  of  knowledge. 

The  hypothesis  of  moraines,  defining  extra  morainic  lakes,  in  the 
middle  and  east  of  England,  which  Professor  Lewis  introduced, 
appears  to  rest  essentially  on  the  further  hypothesis  that  the  seas 
were  filled  with  glacial  ice,  which  prevented  the  escape  of  fresh 
water  from  off  the  land.  Yet  we  are  not  aware  of  any  evidence  that 
the  Cromer  Boulder-clay  was  deposited  in  fresh  water,  as  Professor 
Lewis  supposes.  Marine  shells,  especially  Cyprina  and  TelUna, 
abound  in  the  Cromer  Boulder-clay,  though  they  are  mostly  broken, 
and  contemporary  marine  shells  occur  as  far  south  as  Ely,  and  this 
may  be  taken  as  evidence  of  water  transport ;  but  in  view  of  the 
southward  extension  of  the  Boulder-clay  in  the  Eastern  Counties,  it 
is  difficult  to  find  in  it  proof  of  a  fresh-water  origin. 

The  hypothesis  of  extra  morainic  lakes  in  which  icebergs  moved, 
does  not  appear  to  differ  substantially  from  the  older  hypothesis  of 
iceberg  deposition  of  Boulder-clay  as  held  by  Phillips,  Sedgwick, 
and  many  early  observers,  and  the  difiference  between  Professor 
Lewis  and  them  is  rather  of  degree  than  of  kind  in  interpretation 
of  the  facts. 

The  notebooks  of  Professor  Lewis  are  a  record  of  observation, 
never  intended  for  publication,  which  will  lead  to  useful  work,  in 
following  up  the  indications  given  of  facts  observed  at  points,  which 
are  all  carefully  shown  upon  his  maps.  About  80  pages  of  these 
notes  are  given  to  Ireland;  and  the  English  notes  are  grouped 
geographicfdly,  dealing  with  Durham  and  Northumberland,  York- 
shire ;  Lancashire,  Cheshire,  and  the  Midland  district ;  the  valley  of 
the  Severn ;  the  east  of  England ;  the  south  of  England,  Wales ; 
together  with  many  notes  on  illustrative  subjects.  No  small  part 
of  these  notebooks  is  occupied  with  references  to  the  literature  of 
the  subject,  and  the  author's  notes  on  localities  described  by  previous 
observers. 

The  volume  is  illustrated  with  several  maps  showing  the  dis- 
tribution of  glaciers  in  North  America  and  the  British  Islands ; 
and  about  80  woodcuts,  which  are  mostly  diagrammatic  records  of 
sections.  There  is  an  appendix  by  Mr.  Percy  Kendall,  giving 
observations  on  the  Manchester  Ship  Canal,  on  Lancashire  and 
Cheshire  glacial  phenomena,  and  other  subjects  which  he  examined 
in  company  with  Professor  Lewis.  Mrs.  Lewis  throughout  has 
contributed  notes  in  elucidation  of  her  husband's  work.  The  volume 
is  excellently  printed ;  but  is,  unfortunately,  without  an  index. 

III. — The  Sbismologioal  Journal  of  Japan,  Vol.  III.  1894  (corre- 
sponding to  Transactions  of  the  Seismolo^ical  Society) :  Edited 
by  Prof.  J.  Milne,  F.R.S.    pp.  106,  Five  Plates. 

Contents:  (1)  F.  Omori:  The  Eruption  of  Azuma-san,  pp.  1-22.  (2)  J.  Milne: 
Seiamic,  Magnetic,  and  Electric  Phenomena,  pp.  23-33.  (3)  E.  von  Rebeur- 
Pflschwitz :  Description  of  an  Apparatus  for  recording  by  Photography  the  Motions 
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of  Horizontal  Pendulums,  pp.  35-54.  (4)  J.  MUne:  A  Note  on  Horizontal 
Pendulums,  pp.  55-60.  (5)  H.  Darwin :  A  Bifilar  Pendulum,  pp.  61-63.  (6)  J. 
Milne:  A  Note  on  Earth  Pulsations  and  Mine  Gas,  pp.  65-69.  (7)  F.  Omori: 
On  After-Shocks,  pp.  71-80.  (8)  E.  J.  Pereira:  Record  of  Yokohama  Earth- 
qimkes,  1890-1894,  pp.  81-86.  (9)  J.  Milne:  Velocitiea  of  the  Earth  Wire?, 
pp.  87-89.     (10)  M.  Daubr6e:  La  Cause  des  Tremblementa  de  Terre,  pp.  91-106. 

The  increasing  attention  paid  to  the  study  of  earth-pulsations  is 
strikingly  shown  in  this  new  volume.  Five  out  of  the  ten  papers 
are  indeed  more  or  less  connected  with  the  subject.  Prof.  Milne  (4) 
describes  a  modification  of  his  conical  pendulum,  one  of  the  least 
expensive  instruments  used  for  their  investigation.  Dr.  von  Rebeur- 
Paschwitz  (3),  who  has  done  so  much  excellent  work  with  the 
horizontal  pendulum,  gives  many  practical  details  of  the  greatest 
service  to  those  engaged,  or  about  to  engage,  in  this  fascinating  study. 

In  the  other  papers,  Mr.  F.  Omori  (1)  describes  the  eruption  of 
Azuma-san  in  1893,  and  proves  that  the  conical  holes  surrounding 
the  crater  were  produced  by  falling  stones.  Professor  Milne  (2) 
concludes  that  we  do  not  yet  ])088ess  any  certain  evidence  of  a 
physical  coimection  between  earthquakes  and  electric  and  magnetic 
phenomena.  Mr.  Pereira  continues  his  useful  list  of  Yokohama 
shocks. 

Mr.  F.  Omori  (7)  discusses  the  relative  frequency  of  the  after- 
shocks of  the  great  earthquakes  of  Eumamoto  in  1889,  Mino-Owari 
in  1891,  and  Kagoshima  in  1893.  Every  strong  earthquake  is 
invariably  followed  by  a  few  weaker  shocks ;  a  destructive  earth- 
quake may  be  succeeded  by  even  hundreds  or  thousands.  For 
instance,  during  the  two  years  after  the  Mino-Owari  earthquake,  as 
many  as  3364:  after-shocks  were  recorded  at  the  Gifu  meteorological 
station.  Of  these,  11  were  violent,  97  strong,  1809  weak,  1039 
slight,  and  the  remaining  408  merely  sounds.  Ten  of  the  violent 
shocks  occurred  during  the  first  four  months,  the  strong  shocks  all 
within  the  first  thirteen  months,  and  the  weak  ones  all  within  the 
first  twenty  months.  Towards  the  end  only  slight  shocks  and 
sounds  were  observed.  Curves  are  drawn  showing  how  the  after- 
shocks gradually  became  less  frequent.  Roughly  rectangular 
hyperbolas,  they  at  the  same  time  exhibit  several  maxima  and 
minima,  corresponding  to  periodic  fluctuations  in  seismic  frequency. 
IVIr.  Omori  reckons  that  after  a  lapse  of  about  ten  years,  the  residual 
effect  of  the  Mino-Owari  earthquake  will  be  so  far  reduced  that 
there  will  be  only  one  weak  shock  a  month. 

Lastly,  M.  Daubree  (10),  noting  the  usual  classification  of  earth- 
quakes into  volcanic  (due  primarily  to  the  action  of  steam)  and 
non-volcanic  (connected  with  fractures  in  the  earth's  crust),  and 
referring  to  the  frequent  occurrence  of  after-shocks,  endeavours  to 
trace  both  classes  to  the  same  origin.  "  Les  tremblements  de  terre 
des  regions  depourvues  de  volcans,"  he  concludes,  "paraissent  dus 
aux  effets  d*un  sorte  d*eruption  volcanique  qui  ne  pent  aboutir 
jusqu'Ji  la  surface,  et  semblent  ddpendre,  aussi  bien  que  ceux  des 
regions  volcaniques,  d*une  cause  unique :  la  vapeur  d'eau,  animee 
de  la  puissance  enorme  qu'elle  acquiert  dans  les  profondeurs  de  la 
crodte  terrestre.'*  C.  Davison. 
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IV. — ZuB    Palaozoisohxn   Floba    dxr   Abktischbn    Zone,    xnt- 

HALTEND  DIE  AUF  SpITZBEROXN,  AUF  DEB  BaBBN-InSBL,  UND 
AUF     NOVAJA    ZeMU^    YON    DEN    SOHWEDISOHEN    ExPEDITIONEN 

XNTDEOKTEN  Palaozoisohen  Pflanzbn.  Yon  A.  G.  Nathobst. 
Mit  16  Tafeln.  Eongl.  Svenska  Yetenskaps-Akademiens  Hand- 
lingar.     Bandet  26,  No.  4,  pp.  80.     (Stockholm,  1894.) 

On  the  PALiBozoio  Floba  of  the  Abotio  Zone,  oohpbisinq  the 
Paljbozoio  Plants  Disoovebed  by  the  Swedish  Expeditions 
on  Spitzbebobn,  Beab  Island,  and  No^'aya  Zemlya.  By  Dr. 
A.  G.  Nathobst. 

THE  oGourrence  in  Spitzbergen  of  plant  remains  of  Palaeozoic  age 
was  first  made  known  by  Roberts  in  1838 ;  several  subsequent 
Swedish  geological  expeditions  also  obtained  them,  both  from  Spitz- 
bergen and  from  Bear  Island,  and  the  collections  were  described  by 
the  late  Professor  Heer.  The  last  Swedish  expedition,  in  1882, 
under  the  leadership  of  Nathorst  and  de  Geer,  discovered  Carbon- 
iferous plants  in  several  new  localities  in  Spitzbergen,  and  also  for 
the  first  time  they  found  plant  remains  in  the  Devonian  rocks  of 
Liefde  Bay.  They  further  ascertained  that  the  true  position  of  the 
Carboniferous  plant-bearing  strata  of  Roberts'  valley,  which  had 
been  described  as  above  the  marine  Permo-Carboniferous  formation, 
was  beneath  this  series,  its  apparent  position  being  due  to  an 
inversion  of  the  beds.  The  present  Memoir  contains  descriptions 
and  figures  not  only  of  the  newly- discovered  plants,  but  of  those 
previously  collected  and  worked  out  by  Heer,  the  originals  of  which, 
now  preserved  in  the  Stockholm  Museum,  have  been  revised  by 
Dr.  Nathorst,  with  the  result  that  many  are  shown  to  belong  to 
quite  other  groups  than  those  in  which  Heer  had  placed  them. 

Taking  first  the  plants  from  the  Devonian  or  Old  Red  Sandstone 
rocks  of  the  Liefde  Bay  series  of  Spitzbergen,  it  appears  that  they 
occur  on  two  horizons — a  lower,  in  which  only  fragmentary  remains 
of  a  form  resembling  the  Psilophyton  of  Dawson  have  been  found ; 
and  a  higher  containing  remains  of  Lepidodendron,  Bergeria,  and 
Bothrodendron,  and  also  the  leaves  of  a  probable  Gymnosperm, 
named  Paygmophyllum  Williamsoni.  The  plants  are  too  fragmentary 
to  be  compared  with  the  Devonian  of  other  regions,  but  they  show 
a  relationship  to  the  succeeding  Lower  Carboniferous  flora. 

The  stratigraphical  relations  of  the  beds  yielding  the  Carboniferous 
plants  on  Spitzbergen  have  not  yet  been  satisfactorily  determined. 
It  is  certain  that  they  are  below  the  marine  Permo-Carboniferous 
series,  but  hitherto  the  existence  of  the  Carboniferous  Limestone  has 
not  definitely  been  made  out,  though  it  is  possible  that  it  may  be 
represented  by  the  CyathophyUum-limestoue,  The  new  forms  from 
the  Carboniferous  include  species  of  SphenopteriSf  Cardiopteris,  and 
Lepidodendron.  The  forms  described  by  Heer  as  Cordaites  and  as 
leaves  of  Bhynchogonium  are  considered  by  Nathorst  to  be  unusually 
large  stems  of  fern  fronds.  A  comparison  of  these  Carboniferous 
plants  with  those  from  other  areas  shows  a  very  close  resemblance 
with  the  flora  of  the  Culm  and  that  of  the  Bergkalk  on  the  continent. 
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and  equally  bo  with  that  of  the  Caloiferoas  Sandstone  in  Scotland, 
80  that  it  may  justly  be  considered  a  Culm  flora.  It  has  no  special 
relation  with  the  Old  Red  Sandstone  flora,  and  therefore  Heer^s 
name  of  the  '*  Ursa-Stufe "  is  not  applicable  to  it.  One  of  the 
remarkable  features  of  this  flora  is  the  large  size  of  the  Fema, 
Lepidodendra  and  Stigmaria^  which  show  that  the  climate  of  the 
Lower  Carboniferous  epoch  in  Lat.  78^^  N.  must  have  been  equally 
as  favourable  to  plant  life  as  that  of  the  European  continent  at  the 
same  period. 

Coming  now  to  the  Palseozoic  flora  of  Bear  Island,  Dr.  Nathorst 
modifies  very  materially  Beer's  determinations  of  the  plants  collected 
by  Nordenskiold  and  Malmgren.  Thus,  for  instance,  he  doubts  the 
occurrence  of  genuine  CalamiteBy  many  of  the  specimens  referred  to 
this  genus  really  belonging  to  Knorria,  and  one  is  provisionally 
placed  as  a  new  genus  and  species,  Paeudobomia  ursina.  Several 
species  of  Bothrodendron  are  also  present ;  one  of  these  is  identical 
with  B.  (Cydostigma)  Kiltorkense,  Haughton,  from  the  Old  Red  of 
Ireland.  Many  specimens  placed  under  Knorria  prove  to  be  frag- 
ments of  Bothrodendron,  There  is,  further,  no  ground  for  supposing 
that  Lepidodendron  Veltheimianum  occurs  on  Bear  Island.  The  flora 
of  this  island  is  very  distinct  from  that  of  the  Lower  Carboniferoos 
of  Spitzbergen,  for  with  the  exception  of  Stigmarta  fieoides  all  the 
species  are  different ;  and  it  is  equally  as  distinct  from  the  Devonian 
flora  of  Spitzbergen.  The  author  considers  that  it  is  intermediate 
between  the  Devonian  and  the  Lower  Carboniferous,  and  that  the 
name  Ursa  flora  may  be  retained  for  it. 

Very  little  remains  to  be  said  respecting  the  fragmentary  plants 
discovered  by  Nordenskiold  on  Novaya  Zemlya.  The  shales  con- 
taiuing  them  are  above  the  Permo-Carboniferous  deposits,  but  the 
horizon  they  represent  has  not  been  determined.  The  plants  were 
rightly  referred  by  Heer  to  Cordnites,  but  on  revision  only  two  of 
the  species  described  by  him  can  be  maintained.  G.  J.  H. 


V. — fixUDB     SUR     LES    VARIATIONS    DU     SpIRIFKR    VeRNKUILI.       PaB 

J.    GossELKT.     Memoires   de   la   Sociute   Geologique   du   Nord. 
Tome  IV.     Mem.  L  pp.  61,  Pis.  I-VII.     (Lille,  1894.) 

A  Study  of  the  Variations  of  Spirifer  Verneuili,     By  Prof. 
Jules  Gosselet. 

THE  well-knOwn  and  very  widely-distributed  Upper  Devonian 
Brachiopod,  Spirifer  Venieuili,  Murch.  (=:S,  disjuncta,  Sow.), 
is  one  of  the  commonest  fossils  of  the  Frasnien  series  in  the  North 
of  France  and  Belgium.  It  is  said  to  occur  in  the  Eifelien  and 
the  String ocephalus  beds  of  the  Middle  Devonian,  but  the  author 
considers  that  it  makes  its  first  appearance  in  the  upper  portion  of 
the  Givetien  limestones.  It  reaches  its  greatest  development  in  the 
Frasnien  series  and  in  the  next  higher  Faraennien  series  it  is  also 
very  abundant.  Here  it  comes  into  competition  with  Cyrtia  Murch- 
soniana^  and  apparently  gains  the  mastery  ;  but  in  the  higher  be<l8 
of  the  series   it   becomes   less  common,  and  finally  it  disappears 
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before  the  end  of  the  Devonian.  The  forms  of  this  species  are 
extremely  variable,  and  Professor  Oosselet  gives  in  this  Memoir  the 
results  of  the  study  of  numerous  speoimens,  more  particularly  of 
those  occurring  in  the  Schistes  de  Barvaux,  where  it  is  especially 
numerous  and  well  preserved.  Detailed  measurements  of  a  large 
series  of  forms  show  important  variations  in  nearly  every  feature  of 
the  shell,  and  the  only  constant  character  is  the  simple  form  of  the 
ribs  on  the  lateral  or  winged  portions.  The  extreme  variations  are 
connected  by  a  crowd  of  intermediate  forms,  and  in  the  course  of 
development  the  same  individual  may  pass  from  one  variation  to 
another.  There  can,  therefore,  be  no  question  of  varieties  in  a 
zoological  sense,  and  the  author  arranges  the  various  modifications 
into  groups  of  forms,  six  in  number,  taking  as  a  basis  the  proportion 
of  the  width  of  the  shell  to  the  length  of  the  smaller  valve. 

The  author  considers  that  8.  Vemeutli  finally  dies  out  without 
giving  rise  to  another  species;  for  though  there  are  no  extreme 
differences  between  it  and  such  forms  as  8,  attenuatus  and  8. 
MosquenBxs,  there  are  yet  no  intermediate  forms  known  to  indicate 
that  it  may  be  the  ancestor  of  these  latter.  Discussing  the  question 
of  the  name  properly  belonging  to  the  species,  that  of  Murchison  is 
adopted  as,  on  the  whole,  having  the  best  claim  to  priority. 

To  all  interested  in  the  question  of  Brachiopodal  development 
the  carefully  worked  out  details  in  this  Memoir,  and  its  abundant 
illustrations,  should  prove  highly  valuable.  G.  J.  H. 


OOErErESIPOa^JDEISrOE. 

ORIGIN  OF  THE  YOUNGER  RED  ROCKS. 

Sir, — In  his  very  interesting  paper  "On  the  Younger  Red  Rocks," 
my  friend  Dr.  Irving  professes  himself  to  be  more  than  ever  con- 
vinced that  the  pebbly  sandstones  of  the  Bunter—such  as  those  in 
Notts — consist  of  Triassic  sandhankB  deposited  in  narrow  tidal  seas, 
and  "  the  great  pebble  beds  of  the  Warwickshire  and  Budleigh 
Salterton  type"  are  "the  'Chesil  banks'  which  formed  the  shore 
equivalents  of  the  sandbanks." 

This  is  a  matter  on  which  I  thirst  for  knowledge.  Will  he  then 
kindly  inform  me :  (1)  What  instances  of  marine  conglomerates  are 
known  in  which  length,  breadth,  and  thickness  are  simultaneously 
great  ?  As  a  rule,  the  zone  on  which  ordinary  shingle  is  deposited 
extends  but  a  few  feet  vertically  above  high-water  mark,  and  not 
many  below  it.  These  conditions  must  somewhat  restrict  its  breadth, 
and  still  more  its  thickness.  Banks  of  the  "  Chesil  "  type  can  attain 
a  greater  thickness  (though  I  should  be  glad  to  hear  of  one  which 
came  near  or  exceeded  100  feet),  but  they  are  comparatively  narrow. 
(Mr.  H.  B.  Woodward  states  that  the  Chesil  Bank  at  Portland  is 
200  yards  wide  and  42  feet  high.)  But,  according  to  Mr.  Ussher 
and  other  authorities,  the  length  and  breadth  of  the  area  occupied 
by  the  Budleigh  Salterton  pebble  bed  is  measured  by  miles,  and  its 
thickness  varies  from  60  to  nearly  100  feet.     The  pebble  beds  in 
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the  Midland  Bunter  must  have  extended  over  a  large  part  of 
Staffordshire  (interruptions  being  mainly  due  to  faulting  or  deoa- 
dation),  and  they  have  trespassed  on  the  neighboaring  ooanties. 
Their  thickness  sometimes  oome  near,  if  it  does  not  exceed,  800  feet, 
and  very  commonly  is  over  100  feet 

(2)  How  he  explains  the  fact  that  the  Triassic  pebble  beds 
present  such  a  close  resemblance  to  the  nagelfluh  of  the  Alps,  and 
to  the  great  gravel  beds  of  later  date  which  overspread  the  low- 
lands on  both  sides  of  that  chain,  while  it  is  difficult  to  find  a 
parallel  for  them  among  beds  undoubtedly  marine.  I  asked  these 
questions  in  1890,  but  failed  to  obtain  an  answer,  so  I  am  obliged 
to  repeat  them.  T.  G.  Bonnet. 

THE  SOUTHERN  DRIFT. 

Sir, — In  this  month's  number  of  the  Journal  of  the  Anthropological 
Institute,  p.  45,  there  is  a  statement  of  so  misleading  a  character 
that  I  cannot  pass  it  over  without  comment.  In  speaking  of  the 
Hill  Gravels  of  Berkshire,  Mr.  O.  A.  Shrubsole  says:  "this  ex- 
tensive deposit  is  composed  of  the  Southern  Drift  of  Phillips 
and  Prestwich."  Anyone  reading  this  would  suppose,  as  he  gives 
precedence  to  the  late  Prof.  Phillips,  to  whom  I  have  not  referred 
in  my  paper  on  the  Southern  Drift,  that  I  had  failed  to  make 
acknowledgment  to  him  as  the  discoverer  thereof.  Such  an  im- 
pression I  am  anxious  at  once  to  remove.  I  was  at  a  loss  to  conceive 
what  foundation  Mr.  Shrubsole  had  for  this  statement.  On  turning 
to  Phillips'  "  Geology  of  Oxford  and  the  Valley  of  the  Thames, 
1871,"  1  find  at  p.  460  the  following  paragraphs.  After  speaking 
of  the  "  operation  of  a  great  flood,  a  deluge,  coming  from  the  north, 
north-west,  and  north-east,"  bringing  down  spoil  of  the  Midland 
Counties  into  the  Valley  of  the  Thames  at  Maidenhead  and  at 
Kensington,  Prof.  Phillips  says :  "  Looking  at  the  distribution  of 
foreign  drift  in  the  country  under  review,  we  find  evidence  of 
abundant  currents  from  the  north,  which  brought  plenty  of  gravels 
on  the  western  side,  but  no  Boulder-clay ;  and  plenty  of  Boulder- 
clay  with  some  gravels  on  the  eastern  side ;  while  in  the  middle 
space  there  are  traces  of  currents  from  the  south  transporting  flinit 
and  Sarsen-stones"  A  diagram  accompanies  this  description  showing 
flints  and  Sarsen-stones  from  the  Chalk  hills,  apparently  of  Kent, 
striking  in  between  the  north-west  and  north-east  drifts.  He  then 
goes  on  to  say  how  this  might  have  been  effected  by  the  agency  of 
ice.  This  is  all  that  Professor  Phillips  says  of  the  composition  of 
this  drift.  He  does  not  even  mention  the  term  *'  southern  "  in  the 
text ;  but  in  the  index  attached  to  the  word  "  drift "  are  the  words 
"  northern  "  and  **  southern,"  used,  I  presume,  merely  as  antithesis. 
No  definition  of  age  nor  superposition  is  attempted ;  and,  be  it 
observed,  surrounded  as  the  Thames  basin  is  on  all  sides  by  Chalk 
ranjres,  flints  and  Sarsen-stones  are  of  themselves  no  sufficient 
evidence  of  direction  of  their  source. 

Long  before  I  had  formulated  my  ideas  respecting  the  Southern 
Drift,  1  often  had  the  opportunity  of  discussing  with  my  old  friend 
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and  predecessor,  Professor  Phillips,  the  Drift  beds  of  the  neighbour- 
hood of  Oxford  and  the  Thames  Valley.  Beyond  the  fact  of  the 
occurrence  of  flints  in  the  Thames  Valley,  he  was  not  aware  of  the 
widespread  distribution  of  chert  from  the  Lower  Greensand  on  the 
higher  hills  of  the  Thames  district,  on  which  I  mainly  based  my 
hypothesis  of  the  Southern  Drift  In  fact,  at  that  time,  no  one  had 
recognised  this  chert  dibris,  or  if  it  had  been  noticed  the  fragments 
were  spoken  of  as  Sarsen-stonea. 

So  far  back  as  1847,  in  "The  Ground  Beneath  Us,"  after  speaking 
of  the  flint  gravel  of  the  Thames  Valley,  I  say  :  *'  It  must  have 
been  from  some  distant  spot  that  the  materials  of  this  gravel  had 

been  derived The  nearest  place  ....  is  in  the  range  of 

hills  passing  by  Croydon  and  Epsom,  a  distance  of  six  to  ten  miles 
southward  from  Clapham.*'  Again,  *'  Whatever  may  have  been  the 
cause  of  this  exceptional  phenomenon  the  great  and  preponderating 
mass  of  flint  debris  from  the  Chalk  hills,  and  of  sandstone  and  chert 
from  the  Greensand  hills  of  Surrey,  leaves  no  reasonable  doubt  that 
the  main  bulk  of  the  gravel  of  Clapham  and  of  London  has  been 
derived  and  transported  from  the  Surrey  doums  and  Sussex  hills,** 

Mr.  Shrubsole  sees  a  difficulty  in  the  existence  of  a  Weal  den 
dome,  which  he  considers  open  to  question.  But  how,  without 
higher  ground  than  any  in  the  Thames  Valley,  could  ddbris  from 
the  Lower  Greensands  have  drifted  over  the  ground  to  the  north- 
ward of  it? 

These  remarks  are  not  intended  to  convey  any  disparagement  of 
Professor  Phillips'  excellent  work,  which  I  have  often  had  occasion 
to  study  with  advantage.  Joseph  Pbestwioh. 

BOULDERS  OF  ELEOLITE-SYENITE  IN  EAST  YORKSHIRE. 

Sib, — The  absence  of  the  well-known  eleeolite-syenite  (laurdalite 
of  Brogger)  from  the  Norwegian  boulders  hitherto  identified  in 
Holdemess  has  more  than  once  been  mentioned,  and  is  cited  by 
Sir  Henry  Howorth  in  your  August  Number  as  in  some  way 
supporting  his  theory  that  the  boulders  were  brought  artificially  as 
ballast.  Why  laurdalite  should  be  less  suitable  for  ballast  than 
laurvikite  does  not  appear.  The  non-recognition  of  the  former  is, 
of  course,  easily  explained  by  its  resemblance  to  the  latter,  which 
occupies  a  much  larger  area  in  the  Christian ia  basin,  and  is  corre- 
spondingly more  plentiful  among  the  boulders.  Nevertheless  it  is 
satisfactory  to  be  able  to  record  the  occurrence  of  the  Norwegian 
elsBolite- syenite  on  the  Holdemess  coast.  Visiting  Dimlington  a 
few  months  ago,  I  selected  from  the  profusion  of  syenitic  boulders 
on  the  beach  eight  which  seemed  worthy  of  closer  study.  These 
and  the  slices  cut  from  them  are  now  before  me.  Two  contain 
abundant  elseolite,  and  are  identical  in  every  respect  with  specimens 
of  laurdalite  from  its  original  home  ;  one  or  two  others  have 
accessory  elseolite  and  sodalite. 

Since  these  boulders  were  collected  on  the  beach,  the  facts 
mentioned  do  not  appeal  to  those  who  find  comfort  in  the  ballast 
theory.     Indeed,  it  is  not  easy  to  see  how  Sir  Henry  Howorth  can 
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be  met  at  all.  Passing  over  his  travesty  of  my  argament^  which 
I  suppose  is  not  to  be  taken  seriously,  I  find  nothing  in  his  article 
that  does  not  evade  the  point  He  first  suggested  that  the  records 
of  Norwegian  boulders  on  our  East  ooast  were  due  to  ohsenren 
having  been  deceived  by  material  artificially  transported,  lliere- 
upon  I  pointed  out  the  well-known  fact  that  saoh  boulders  are  found 
imbedded  in  the  Holdemess  clays,  as  well  as  on  the  beaoL  Of 
this  he  takes  no  explicit  notice,  but  proceeds  to  shift  his  groand 
and  throw  doubt  on  the  identification  of  the  rocks  in  question. 
If  Sir  Henry  will  submit  some  of  the  disputed  boulders  to  hie 
eminent  but  anonymous  petrological  friend,  the  testimony  of  the 
latter  will  no  doubt  receive  due  weight ;  meanwhile,  though  a 
hundred  witnesses  may  depose  that  they  have  not  seen  Scandinavian 
boulders  in  Yorkshire,  the  jury  will  listen  rather  to  the  evidence  of 
one  or  two  who  have  seen  and  investigated  the  matter. 

St.  John's  Colleob,  Caxb&idgb.  a tt 

Auffust  18M,  1894.  AlfBKD   HaKKIB. 


GLACIAL   GEOLOGY. 


Sre, — Tn  your  issue  for  August  last  Sir  Henry  H.  Howorth,  replying 
to  a  short  letter  in  which  I  criticized  an  article  of  his  yoa  bad 
printed,  remarks:  ''  I  hope  Mr.  Harker  and  Mr.  Deeley  will  continue 
to  face  the  issues  between  us,  and  not  be  content,  as  others  have 
been,  with  fulminating  more  or  less  testy  protests,  and  then  retiring 
from  the  field."  It  is  clear  that  your  correspondent  here  refers  to 
a  discussion  which  took  place  in  the  pages  of  **  Nature  "  between 
liimself  and  Dr.  Alfred  Kussell  Wallace.  In  that  discussion  Sir 
Henry  H.  Howorth,  to  discredit  his  opponent's  views,  denied  the 
correctness  of  a  statement  made  by  Dr.  Wallace.  In  reply,  Dr. 
Wallace  showed  that  Sir  Henry  H.  Howorth  had,  in  his  **  Glacial 
Nit;htraare,"  taken  the  same  view  as  Dr.  Wallace ;  and  as  Sir  Henry 
H.  Howorth  would  not  admit  that  he  had  played  fast  and  loose  with 
his  facts,  Dr.  Wallace  verj'  properly  refused  to  further  discuss  the 
matter  with  him.  Is  it  proper  to  call  this  retiring  from  the  field 
with  more  or  less  testy  protests?  In  my  letter  I  charged  Sir  Henry 
H.  Howorth  with  having  misrepresented  the  teaching  of  two  letters, 
one  written  by  Prof.  Bonney  and  the  other  by  Prof.  Hughes.  In 
his  reply  we  have  no  word  of  explanation  or  apology  for  this,  or 
even  reference  to  it ;  but  instead  an  attack,  delivered  quite  beside 
the  mark,  intended  to  throw  discredit  upon  me.  He  also  sneers  at 
"  English  official  geologists  "  as  a  body,  so  I  can,  at  any  rate,  con- 
gratulate m^'self  upon  being  in  excellent  company. 

In  face  of  the  discussions  which  have  already  taken  place — dis- 
cussions in  which  it  has  been  pointed  out  that,  as  far  as  is  known, 
ice  in  bulk  is  plastic  (that  it  has  no  yield-point  in  the  sense  that  steel 
or  even  clay  has,  and  that,  therefore,  so  long  as  there  is  an  upper 
slope  to  the  ice  the  ice  must  move) — it  would  be  useless  to  try  to 
make  the  matter  clearer  in  a  letter.  However,  I  will  quote  again 
from  Sir  Henry  H.  Howorth  by  way  of  illustration.     He  requires 
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an  ''  adequate  via  a  tergo,**  and  says :  ''  That  such  a  tns  a  tergo  can 
only,  in  the  case  of  each  ice-sheets,  be  obtained  by  postulating  a 
considerable  slope  to  the  ice  surface  is  equally  plain  and  equally 
admitted."  Will  Sir  Henry  H.  Howorth  kindly  express  the  necessary 
slope  to  produce  motion  in  degrees,  and  give  the  yield-point  of  ice 
by  which  this  slope  is  controlled  ? 

I  would  have  answered  Sir  Henry  H.  Howorth  before,  but  have 
been  for  a  short  tour  in  Switzerland  with  Mr.  G.  Fletcher,  F.G.S. 
Shortly  we  hope  to  be  able  to  put  together  some  notes  we  then  made 
on  the  structure  of  glacier  ice^  During  our  stay  I  was  able  to 
examine  many  of  the  larger  glaciers,  and  also  to  reach  the  summit 
of  Mont  Blanc  and  compare  true  n4v4  with  true  glacier  ice. 

B.  M.  DSELBY. 


CHANGES    IN    OLD    LAND-SURFACES  AND   COAST-LINES   IN   THE 

GLACIAL  PERIOD. 

SiB, — ^For  some  time  past  I  have  been  attempting  to  represent, 
by  coloured  diagrams,  the  gradual  changes  of  the  level  of  the  land 
above  the  sea,  and  the  relative  altitude  of  the  Hills  in  the  British 
Islands  in  Pleistocene  times,  and  up  to  the  present  period.  It  was, 
in  my  opinion,  a  great  and  prolonged  denudation  which  took  place 
during  the  first  Glacial  epoch,  and  after  the  maximum  of  glaciation 
was  reached,  a  period  of  land  submergence  was  also  effected,  and 
then  commenced  a  gradual  emergence,  in  which  a  wearing  away  in 
depressed  areas  progressed  by  action  of  the  sea,  leaving  high-level 
drifts  on  the  surface  of  Chalk  and  other  rock  formations ;  but  the 
channels  which  now  divide  the  French  and  English  coasts,  and  the 
Isle  of  Wight  from  the  mainland  of  Hampshire,  liad  not  been  cut, 
and  did  not  prevent  the  migration  of  the  terrestrial  inhabitants,  the 
temperature  reverting  to  a  condition  similar  to  that  now  prevailing. 
The  inter-Glacial  period,  which  we  now  designate  as  PalsBolithic  and 
Prehistoric,  ensued.  It  was  a  mild  climate  which  then  prevailed, 
and  continued  for  about  15,000  years  duration,  when  there  existed 
a  fauna  composed  of  Elephants,  Rhinoceroses,  Hippopotami,  Bison, 
Musk-Ox,  Irish  Deer,  Elks,  Bed  Deer,  Beavers,  Wild  Boars,  Bears, 
Cave  Lions,  Hysdnas,  and  other  Camivora.  These  creatures  ranged 
through  vast  forests  of  Oaks,  Elms,  Yews,  Fir  Trees,  with  peat- 
mosses separating  Arctic  plants  beneath  from  a  flora  of  warmer 
times  above. 

At  this  time  a  race  of  men  appeared  whose  intelligence  was 
sufficient  to  enable  them  to  provide  for  their  wants  and  to  engrave 
figures  of  animals  and  make  weapons  of  stone  and  bone.  We  find 
their  relics  in  caves  and  under  the  shelter  of  rocks,  which  have 
resisted  destruction  during  the  subsequent  submergence  to  which 
they  were  exposed,  and  which  must  have  continued  for  a  period  of 
about  15,000  years. 

An  ice-sheet  covered  the  land,  whilst  it  was  submerged,  to  the 
depth  of  many  hundred  feet,  and  of  this  we  have  records  iu  Scandi- 
navia, in  Canada,  and  also  on  Snowdon. 
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A  question  here  arises,  whether  the  vast  thiokness  and  weigbt  of 
such  an  incumbent  mass  of  ice,  was  not  the  true  oanse  of  the  sub- 
mergence. A  change  in  the  centre  of  gravity  of  the  globe's  surface 
will  explain  this.  The  subsidence  of  the  land  may  well  be  referred 
to,  as  it  is  by  Professor  Prestwich,  as  that  of  the  cause  of  the 
Traditional  Deluge.  This  Glacial  epoch  seems  gradually  to  have 
ceased  and  then  again  commenced  a  gradual  elevation  of  the  surface 
of  the  land  above  the  sea,  its  outline  becoming  changed  and  modified 
accordingly,  as  its  submarine  rock-formations  would  have  been 
subject  to  it,  until  its  condition  eventually  became  such  as  we  now 
see  it,  with  marine  channels  separating  the  British  Islands,  the  Isle 
of  Wight,  and  others  from  the  Continent  of  Europe. 

75,  ExNsiNOTON  Gakdenb  Square,  Lambabt  Briokemdek. 


Manual  of  thk  Gxologt  of  India. — In  the  Gbologtcal  Magazini 
for  August  (ante,  p.  875)  attention  was  called  to  the  omission  of  the 
names  of  Messrs.  H.  B.  Medlioott  and  W.  T.  Blanford,  the  authors 
of  the  Manual  of  the  Geology  of  India,  from  the  title-page  of  the 
new  edition.  We  are  gratified  to  learn  that,  the  circumstance  having 
been  brought  to  the  notice  of  the  GK>vemroent  of  India,  orders  have 
been  given  by  the  Government  for  a  new  title-page,  with  the  names 
inserted  to  be  substituted  for  that  first  issued. 

International  Geological  Congress,  Zurich. — At  the  instance 
of  Captain  Marbhall  Hall,  the  Geological  Congress  at  Zurich  decided 
upon  appointing  an  International  Committee  to  report  upon  existing 
glaciers.  As  soon  as  the  constitution  of  this  committee  is  completed 
we  hope  to  give  details  of  the  work  it  is  to  be  charged  with  and  its 
members. 

Tub  Geology  op  South  Shropshire. — Fifty- nine  pages  of  the 
August  Number  of  the  Proceedings  of  the  Geologists'  Association 
are  devoted  to  an  admirable  description  of  **  The  Geology  of 
South  Shropshire,"  by  Prof.  C.  Lapworth,  LL.D.,  F.R.S.,  and 
W.  W.  Watts,  M.A.,  F.G.S.,  illustrated  by  twenty-three  wood- 
cuts and  two  plates.  On  this  historic  ground  so  many  eminent 
geologists  have  laboured  and  so  much  has  been  published,  that 
it  is  no  small  boon  to  Associates  to  be  able  to  obtain,  in  so 
small  a  space,  so  excellent  an  epitome  of  this  interesting  and  im- 
portant British  area.  The  illustrations  embrace  a  good  Map  and 
a  large  number  of  sections,  a  capital  table  of  the  Lower  PaIaN)zoic 
rocks  of  Shropshire,  with  the  subdivisions  proposed  by  various 
authors  from  1830  to  1894,  viz.  :  Sedgwick,  Murchison,  the 
Geological  Survey,  Barrande,  Lyell,  Geikie,  Barrois,  Bigot,  de 
Lapparent,  Lapworth,  Callaway,  Hicks,  Nicholson,  etc.  The 
Geologists'  Association  are  to  be  congratulated  upon  securing  for 
their  Proceedings  so  valuable  a  contribution,  which  is  also  descrip- 
tive of  the  area  that  has  formed  the  object  of  their  long  excursion 
this  summer,  from  July  29th  to  August  4th. 
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I. — Note  ok  a  Collection  of  Cabbonifbbous  Tbilobitks  fbok 
THB  Banks  of  the  Hoddeb,  neab  Stomyhubbt,  Lanoashibs. 

By  Hbnry  Woodward,  LL.D.,  F.R.S.,  Pres.G.S. 

(PLATE  XrV.) 

EARLY  in  1893,  the  Eev.  G.  C.  H.  Pollen,  S.J.,  of  Stonyhorat 
College,  was  so  kind  as  to  send  up  to  me  for  examination 
a  collection  of  Carboniferous  fossils,  obtained  by  himself  with  the 
assistance  of  Mr.  William  van  Waterschoot  van  der  Graoht,  Jur. 
Stud.,  who  during  his  residence  at  Stonyhorst  paid  much  attention 
to  the  geology  of  the  neighbourhood. 

The  collection  proved  to  be  an  extremely  interesting  one,  and 
Mr.  Pollen  most  kindly  requested  me  to  keep  a  selection  of  the 
specimens  for  the  Museum,  only  returning  him  a  named  duplicate 
collection  for  Stonyhurst.  Subsequently  Mr.  van  der  Graoht  sent  me 
all  the  specimens  he  had  himself  collected,  so  that  I  was  able  to 
stady  a  very  fair  series  of  the  fossils  from  these  beds. 

The  specimens  sent  up  were  carefully  examined  by  Mr.  B.  B. 
Newton,  F.G.S.,  and  were  found  to  comprise  as  follows : — Fragments 
of  Yertebrata  (possibly  phalangeal  bones  of  a  small  reptile?),  also 
a  part  of  jaw  of  a  small  Fish  ?  (not  determined). 

MoLLVSOA — Cbphalopoda —  Becorded  horizon. 

Diseites  {Nautilus)  tukatusj  J.  de  C.  Sby. 

OrthoeeroB  keve  ?  Fleming   .     .     .     .     , 

„         eylindraeeum  P  Fleming      .     . 

„        pyramidale  ?  Fleming  .     .     . 

Laxsllibranchiata — Entolium  (Pecten),  sp.  nov.     . 

Brachiopoda — Athyris  lamellota  P  Leyeille     .     .     . 

ChoneteSf  sp.  P 

JProductu8,  sp (spines  of) 

Poltzoa  ? — **Pate<x?oryiw"  (very  donbtful)     .     .     . 
Trilobita — Philliptia  van-dir-Graehtiiy  H.  "Woodw. 

,,  PolUnif  H.  Woodw.      .     ,     . 

EcHiMODERXATA — NumerouB  ossicnlffi  of  arms  of  Crinoids 

My  first  impression,  and  that  also  I  find  which  was  entertained  by 
Mr.  Pollen,  was  that  we  were  dealing  with  beds  of  the  age  of  the 
Yoredale  series,  and  this  view  was  confirmed  by  a  reference  to 
the  Geological  Survey  map,  upon  which  the  beds  along  this  part 
of  the  Hodder  are  so  coloured. 

In  the  Centenary  Kecord  of  Stonyhurst  College,  published  in 
1894,  by  the  Kev.  John  Gerard,  S.J.,  I  am  quoted,  at  p.  278,  as 
having  stated  that  the  Trilobites  obtained  by  Mr.  Pollen  from  the 
banks  of  the  Hodder  *' represent  probably  the  highest  zone  in  the 
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Carboniferoas  aeries  from  which  this  ancient  g;ronp  of  Cniataoea  hu 
yet  been  obtained.'*  At  that  time,  also,  I  had  provtMOiMUf  rtfemi 
theae  apecimena  to  Fhillipna  Eichwaldi,  Fiaoher,  ap.,  and  to  Fh,  CM, 
M*Coy ;  bat  in  the  queation  of  the  geological  horison  at  which  th^ 
occar  I  had  not  then  enjoyed  the  advantage  of  Mr.  Tiddemaa'i 
opinion,  nor  had  I  visited  the  apot  and  examined  the  beda  m  miiL 
I  should  therefore  wish  to  modify  the  remarks  I  then  made,  botii  as 
regarda  the  apeciea  of  the  Trilobitea,  which  I  now  consider  to  be 
distinct,  and  also  as  to  the  exact  bed  they  ooonr  in,  which,  in 
deference  to  Hr.  Tiddeman*s  judgment,  I  am  led  to  consider  mut 
be  plaoed  lower  down  in  the  aeriea. 

As  I  was  very  desirous  to  ascertain  what  the  geological  horiaon 
of  these  Trilobites  really  was,  I  decided  to  pay  a  visit  to  the  locality, 
and,  being  most  cordially  invited  by  the  Rector,  the  Bev.  Hermsn 
Walmesley,  S.J.,  and  by  Hr.  Pollen,  I  started  for  Stonyhnrst  on  the 
10th  of  September,  where  my  friend  Mr.  B.  H.  Tiddeman,  H.A., 
F.G.S.,  of  the  Geological  Survey,  most  kindly  met  me,  and  spent! 
day  and  a  half  going  over  the  ground  most  carefully  with  Mr.  Pollsn, 
Mr.  P.  Stapleton,  and  myself. 

Mr.  Tiddeman  pointed  out  to  me  that,  in  his  opinion,  we  weis 
dealing  with  the  ahalea  and  limeatonea  overlying  the  Clitheroe  Lim^ 
atonea,  and  that  our  Trilobitea  came  from  near  the  top  of  this  seriea 

TABLE  OF  THE  CABBOXIFEROUS  BOCKS  IN  GBATEN.^ 


Southern  or  Bowland 
Type. 


COAL-MBABURBS 

(Ingleton) 

Millstone  Gam 

Bowland  Sualbb 

Pendlbsidb  'Grits 
(inconstant) 

Pendlbsidb  'Ldcb- 
HTONE  (with  Knoll- 

Shales,  with  Lime- 
stones (Trilobites 
occur  here  on  K. 
Hodder) 

Clitheroe  Liitb- 
HTONES  (with  Knoll- 
Reefs) 


Feet. 


1600 

3900 

300—1000 

0—250 

0—400 

2500 

X3250 
No  base. 


} 


g 


H 


Feet. 


400—900 


400—800 


Northem  or  Yoredale 
Type. 


COAL- 

MBASURBS 

Milletonb 
Grits 


Torbdalb  Series 


The  CARBONiTERors 
Limestone  (with 
conglomerates     at 


'*  These  beds,"  said  Mr.  Tiddeman,  "  were  marked  as  '  Yoredale 
Beds'  in   the  earlier  edition  of  the   Survey  Map,   but  after  the 

*  Proceedinja:s  Yorkshire  Greological  and  Polviechnic  Society,  1890,  toI.  xi.  pt.  3. 
'  '  Both  these  sets  of  beds  are  considered  to  l>e  absent  on  the  Hodder. 
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interrening  oountiy  between  this  and  Wensleydale  (=Yoredale) 
bad  been  mapped  in  detail,  the  name  was  removed  from  the  index 
in  the  later  edition  of  1891. 

'*  It  was  not  found  practicable  where,  as  in  this  case,  the  incon- 
stant Pendleside  Limestone  and  Pendleside  Grits  (see  Table  supra) 
were  absent,  to  draw  any  definite  boundary  between  the  *  Bowland 
Shales'  above  and  the  * Shales-with-Limestones '  below,  and  both 
were  coloured  the  light-blue  shale  colour." 

In  bis  paper  referred  to  Mr.  Tiddeman  writes: — ''Until  the 
area  of  which  we  now  speak  was  carefully  surveyed  it  was 
assumed  that  there  was  a  rapid  transition  of  type  in  the  Carboni- 
ferous rocks  between  Clitheroe  and  the  big  fells  north  of  Settle 
and  Malham ;  but  as  to  the  cause  of  such  a  rapid  change  no  ex- 
planation was  forthcoming.  Even  Prof.  Phillips,  who  knew  the 
country  perhaps  best  of  any  among  the  old  pioneers  of  Greology, 
often  expressed  himself  to  me  as  quite  unable  to  account  for  it  If 
there  is  one  thing  more  clearly  brought  out  than  another  by  the 
mapping  in  detail  of  this  ground,  it  is  this,  that  there  is  absolutely 
no  transition  from  one  type  to  the  other.  The  two  types  run  un- 
changed in  their  respective  areas  and  with  complete  discordance 
with  each  other,  quite  up  to  a  common  boundary  where  the  differ- 
ences are  rather  accentuated  than  smoothed  down.  They  might  be 
Jews  and  Samaritans,  agreeing  in  nothing  save  a  common  boundary 
to  their  territories  and  a  determination  to  have  nothing  to  do  with 
one  another. 

"  The  line  of  demarcation  is  given  by  the  Craven  faults,  and  more 
particularly  by  that  which  runs  by  the  south  end  of  Malham  Tarn, 
and  that  which  passes  between  Malham  Cove  and  Malham." 

"  The  rocks  on  both  sides  of  these  faults  seem  to  have  been  formed 
on  slowly  subsiding  areas,  but  the  Bowland  area  appears  to  have 
been  subsiding  more  quickly  and  to  a  greater  extent  than  the  area 
occupied  by  the  Yoredale  type.  It  represents  the  downthrow  side 
of  the  faults.  The  other  side  of  the  faults,  of  course,  is  relatively 
an  upthrow  "  (see  Table  supra,  York.  Geol.  Soc.  Proa  1890,  vol.  xi. 
pt.  3). 

llie  subjoined  brief  note  of  the  locality  was  drawn  up  for  me 
by  Mr.  Pollen  a  year  ago,  and  I  now  reproduce  it  in  his  own 
words,  with  the  section  of  the  beds  which  he  also  caused  to  be 
made  for  me  with  the  kind  assistance  of  Mr.  van  der  Gracht. 

Mr.  Pollen  writes : — "  The  River  Hodder  makes  a  straight  run  of 
about  half  a  mile,  in  a  direction  E.  by  S.,  having  Hodder  School 
('  Hodder  Place,'  on  the  Ordnance  Maps)  on  the  right  bank. 
Beneath  this  house  the  bank  is  very  steep  and  high,  but  there  is  a 
broad  shulf  at  the  bottom  on  which  are  built  the  bathing-cots  of 
Stony  burst.  The  rock  all  along  here  is  limestone,  very  crystalline 
and  with  much  chert,  alternating  with  clay-shales.  The  total  thick- 
ness of  the  *  Yoredale  series '  ^  here  is  certainly  over  500  feet,  but  the 

*  I  retain  the  term  **  Yoredale  series  "  here  in  copying  Mr.  Pollen's  note,  although 
we  may  follow  Mr.  Tiddeman  in  considering  them  to  be  lower  down  in  the  series 
than  was  supposed  twenty  years  ago,  when  the  country  was  originally  mapped  by  the 
Geological  Surrey. 
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fltrata  are  so  contorted  that  it  is  difficult,  or  impossible,  to  nesniTe 
tliom  accnr^itely.  AlHtve  are  tlie  grits  and  aaadBtoDes  of  Lon^Jiia 
Fell.  Tlie  dip  of  tlie  Blrata  is  here  20'  W.,  but  hardly  100  jardi  uf 
the  river-Wnk  can  be  found  without  irregularities,  faults,  or  corTe* 
iu  tlie  beds. 

"  At  tlie  bathing-cots  the  limestone  predominates,  but  reij  fc 
fossils  linve  been  found  in  it,  with  tbo  exception  of  the  coral 
Lomdahia  :  but  a  little  lower  down  the  river  the  shales  occur  ia 
thicker  hvAn.  and  in  several  places,  at  least,  are  rich  in  fossils.  Tlie 
seotion  in  drawn  from  the  highest  of  these  brond  bonde  of  t)i>l«i 
where  there  is  a  outting  about  lo  feet  vertical,  perpendicular  to  tbs 


Sprtiiiii,  aliixit  Iti  ivrt  in  vertical  hci;;ht,  not  fur  below  the  Bntbin^-t 

ltiv>c  HuJOtr,  Stonyliurat. 
EeducHl  [mm  a  draning  to  wale,  bj-  Wm. 


n  'Watwsclioot  t 


Gracht,  Ei- 


iFDlil'llllIT    1 

b.  h.  ibrk 


i'<lnni>  forming  n<i>f  of  Rrrtinn,  abnul  9  ifvl  in  thirkni'Mi  bcr^:  ir.  ,)• 
^'e•  «f  I'lieri  forming  im'jrulBr  hnndii  or  iiodulim  in  the  lintr»ti>iie: 
ir)H>iiuniiD-i  fiuclr  Iiiniinab>d  ebnW  {varying  in  thickn(«>'i  nnintii! 
•Ia  iif  liiiii'<tnni>' of  varinhlp  thickneM,  some  (inlv  a  tvir  mAf^'- 
itb  TriliildtiH.  etc.  unlKliTidi-il  hy  r.  e.  thin  sranw  r.{  mixid  liinft"'"" 
vtunjiiilar  hliickn:  /,/.  .'hnlrs  with  '•  I\il<r"eoniiie,"  v\c.,  »*|MratHl !■? 
ifstone,  unibT  vhii^h  npunmi-nH  of  '  ■  I'aliraeor^iit ' '  were  found. 
At]iiii<.t  all  Hie  foosilH  enumenitiil  were  found  in  tbe  upmr  thick  band  of  -■hiil''  ^ 

Mdt-r  till.  1....1.  l.«.  ,,. 

II  is  .■.'I  ill  ml- .1  rhnr   tliy  Infill  tliii'lLne-9  n(  hnh  ch^ened  hpr..  aloni;  thf  Ri«( 

Uoddir  (.\i;i.lJ-  oOU  ti-^rt.    Atxivc  ute  grits  and  fine  sandiitunes  (LongriJge  Fell). 


iiuilnf  li: 
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dip  of  the  strata  (see  section).  There  is  a  roof  of  about  9  feet  of 
limestone,  then  some  thin  bands  of  limestone  and  shale,  and  below 
these  several  thick  layers  of  soft  shales,  separated  by  thin  seams  of 
limestone  aboat  2-3  inches  thick.  In  the  upper  of  these  broad 
bands  of  shale  most  of  the  fossils  have  been  found,  with  the  excep- 
tion of  '  Palaoeoryne,'  ^  which  occurs  somewhat  lower  down. 

**  The  jointing  of  the  shales  Is  very  clean  cut,  the  horizontal  lines 
being  usually  parallel,  though  the  surfaces  of  the  joints  are  not. 
There  are  also  transverse  joints  likewise  parallel.  The  cleavage  is 
parallel  to  the  surface  of  the  stratum,  and  very  greatly  developed  for 
2  or  3  feet  from  the  exposed  parts. 

"  In  the  sketch  may  be  seen  two  thin  bands  (e,  c)  at  about  8  inches 
apart,  traversing  and  dividing  the  layers  of  shale  {d,  d).  These 
bands,  about  ^  inch  thick,  are  harder,  from  the  presence  of  more 
lime,  and  are  broken  up  into  almost  square  blocks  measuring  f  inch 
each  way.  Most  of  the  Trilobites  were  found  about  1  inch  above 
each  of  these  bands,  the  other  organisms,  the  Crinoidal  ossicles  and 
most  of  the  shells  in  the  same  line  or  a  little  higher  up.  The  rest 
of  the  shale  is  almost  free  from  fossils,  and  is  covered  with  minute 
flakes  of  mica.  Altogether  the  shales  are  too  brittle  to  allow  us  to 
get  out  large  slabs.  It  is  easy  to  see  that  the  Trilobites,  especially 
the  smaller  specimens,  must  have  lived  in  groups  together.  The 
largest  specimens  are  often  4  or  5  inches  apart  from  the  others.  We 
cannot  pretend  to  have  fully  examined  the  beds  lower  down,  but 
until  now  no  ferns,  or  traces  of  terrestrial  life,  have  been  found  in 
strata  nearer  than  40  or  50  feet  below  this  horizon." 

Gknos  Phillipsia,  Portloehy  1843. 

Gteneral  form  oval ;  glabella  with  nearly  parallel  sides,  marked 
by  either  two  or  three  short  lateral  furrows ;  the  posterior  angles, 
forming  the  basal  lobes,  always  separated  by  a  circular  furrow  from 
the  rest  of  the  glabella ;  eyes  large,  reniform,  delicately  faceted ; 
cervical  furrow  deep ;  free-cheek  separated  from  the  glabella  by 
the  axial  suture,  which  forms  an  acute  angle  with  the  circular 
border  of  the  cheek  in  front  of  the  glabella ;  whilst  the  facial  suture 
cuts  obliquely  across  the  posterior  margin  just  behind  the  eye, 
leaving  a  small  pointed  portion  fixed  to  the  glabella  by  the  neck- 
lobe;  angles  of  cheeks  more  or  less  produced,  margin  of  head 
incurved,  forming  a  striated  and  punctated  rim.  Thoracic  segments 
nine  in  number,  the  axis  distinctly  marked  off  from  the  side-lobes 
or  pleurae  by  the  axal  furrows;  the  abdomen  or  pygidium  usually 
with  a  rounded  border,  the  axis  composed  of  from  12  to  18  coalesced 
segments. 

1.  PhiUipsia  van-der-Orachtii,  sp.  nov.    PL  XIV.  Figs.  1-6. 

This  is  a  small,  but  very  interesting  form  of  Trilobite.  The 
characters  best  observed  are,  the  extremely  long  cheek-spines,  more 

1  This  form  may  prove  to  belong  to  quite  another  group  of  organisms.  It  is  at 
present  under  exanunation  by  Dr.  Hiude,  who  has  kindly  consented  to  study  it 
microscopically. 
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than  one-third  the  entire  length  of  the  animal ;  the  prenenoe  of  a 
tubercle  on  the  axis  of  the  neck-lobe  of  the  glabella,  and  the 
rounded  form  of  the  pygidium.  The  border  of  the  head-shield  is 
semicircular,  with  a  broad  rounded  margin ;  the  glabella  is  some- 
what expanded  in  front,  and  the  facial  suture  curves  away  from  the 
glabella  outwards  before  it  intersects  the  frontal  margin.  The  ejei 
are  rather  large,  but  are  only  faintly  shown  in  Figs.  4  and  5,  not 
being  well  preserved  in  the  soft  shale.  The  axis  of  the  thorax  ii 
broad,  being  rather  more  than  a  third  of  the  whole  breadth  of  the 
body,  and  is  separated  by  a  distinct  and  straight  furrow  from  the 
pleurse  on  either  side.  The  body -segments,  which  are  nine  in 
number,  are  straight  and  smooth,  and  have  roonded  extremities  to 
their  pleurae.  The  outline  of  the  pygidium  is  roanded,  with  a 
smooth  and  narrow  margin ;  the  axis  narrows  rapidly  to  its 
extremity  and  appears  to  consist  of  about  eight  coalesced  seg- 
ments, but  these  are  only  faintly  indicated.  The  extremity  of  the 
axis  reaches  nearly  to  the  outer  edge  of  the  border  of  the  pygidium. 
The  two  nearly  entire  specimens  figured  (Figs.  1  and  3)  are  each 
of  them  12  millimetres  in  length. 

Compared  with  Phillipsia  Eichwaldi,^  the  species  it  most  nearly 
resembles,  Ph.  van-der-Orachtii  agrees  with  it  in  the  possessioa 
of  long  cheek-spines,  and  in  the  presence  of  a  median  tubercle 
on  the  axis  of  the  neck-lobe  of  the  glabella.  It  differs  from  it  ia 
the  absence  of  any  furrows  on  the  glabella.  The  segments  of  the 
oephalothorax  agree  with  those  of  Ph,  Eichwaldi,  but  the  pygidium 
differs  greatly  in  outline,  and  also  in  the  number  of  coalesced 
segments.  The  margin  of  the  pygidium  in  Ph.  Eichwaldi  is  broad 
and  smooth,  and  ornamented  with  fine  parallel  lines  or  stris, 
but  in  Ph.  van-der-Grachiii  the  border  is  narrow  and  much  more 
rounded  in  outline.  The  axis  of  Ph.  Eichwaldi  shows  distiDct 
evidence  of  the  coalescence  of  16  segments,  whilst  Ph.  van- 
der-Graclitii  does  not  show  more  than  8  coalesced  segments.' 
Ph.  Eichwaldi  measures  25  mm.  in  length,  or  double  the  size  of 
Ph.  van-der-Grachtii. 

The  only  other  species  besides  Ph.  Eichwaldi  which  might  be 
compared  with  Ph.  van-der-Grachtii  are  Ph.  Leeii  and  Ph.  minor, 
from  the  Culm-measures  of  Waddon  Barton,  near  Chudleigh,  Devon- 
shire, but  the  check-spines  are  not  so  long,  and  the  pygidium  is 
more  pointed  and  consists  of  about  14  coalesced  segments. 

I  have  much  pleasure  in  dedicating  this  species  to  Mr.  William 
van  Waterschoot-van-der-Gracht,  an  old  student  at  Stonyhurst,  who, 
as  already  mentioned,  accompanied  the  Rev.  G.  C.  H.  Pollen  in  bis 
geological  rambles  along  the  banks  of  the  Hodder,  and  also  collected 
many  of  the  specimens  here  referred  to. 

1  See  Mon.  Pal.  Soc.  Carb.  Trilob.,  1883,  p.  22,  pi.  iv. 

^  It  in  j)robable  that  this  interestinj?  little  species  may  hereafter  prove  to  be  an 
immature  form  of  some  larger  Trilo])ito,  at  present  unknown,  from  these  b«-d<. 
Meantime  it  seems  more  convenient  to  treat  it  as  distinct,  and  to  describe  it  as  we 
have  done.  Numbers  of  this  little  form  have  been  found  on  a  slab  in  close  proximity 
to  one  another. 


Dr.  H.  Woodward — New  Carboniferous  Trilobitea,        487 

2.  Phillipsia  PoUeni,  ep.  nov.     PI.  XIV.  Figs.  7-12. 

This  species  is  considerably  larger  than  the  preceding  one ;  the 
head  is  about  one-third  broader  than  long;  the  central  portion  of 
the  glabella  is  smooth  and  rounded,  gradually  becoming  narrower 
towards  the  front  and  being  broadest  at  the  neck-furrow.  The 
facial  suture  runs  in  an  undulating  line  between  the  glabella  and 
the  genal  portion  (free-cheek)  of  the  head.  The  eyes,  as  a  rule, 
are  not  well  preserved,  and  in  some  specimens  they  might  (as  in  the 
preceding  one)  be  supposed  to  be  wholly  absent ;  but  a  careful  study 
of  numerous  specimens  shows  that  this  is  due,  not  to  their  absence, 
hut  to  their  imperfect  state  of  preservation,  the  facets  of  the  eye 
being  clearly  seen  in  Figs.  9  and  11.  This  condition  of  the  eyes, 
due  to.  compression,  is  also  observable  in  the  Trilobites  from  the 
Culm  of  Devonshire  (see  Mon.  Pal.  Soc.  Carb.  Trilobites,  1884, 
pi.  X.  p.  66).  The  contour  of  the  head-shield  is  semicircular,  the 
posterior  genal  angles  are  slightly  produced,  forming  a  short  spine 
to  each  cheek  (as  seen  in  Figs.  8,  9,  and  11).  There  are  no  furrows 
visible  on  the  glabella.  The  neck-lobe  is  well  developed  and  is 
broader  than  the  free-segments  which  follow  it;  the  pleural  portion 
is  less  distinctly  marked.  The  free-segments  of  the  cephalothorax  are 
nine  in  number ;  the  axis  is  very  slightly  raised,  and  is  nearly  one- 
third  broader  anteriorly  than  the  pleursd  portions,  but  diminishes 
in  breadth  gradually  towards  the  pygidium ;  the  extremities  of  the 
pleurae  are  slightly  pointed  and  recurved;  the  pygidium  is  bne* 
third  broader  than  long ;  the  border  is  slightly  raised,  the  axis  being 
rounded  off  at  some  little  distance  short  of  the  posterior  border. 
The  number  of  coalesced  segments  observable  in  Figs.  9  and  12  is 
about  seven,  but  in  Fig.  10  it  apparently  exceeds  that  number. 

Compared  with  Phillipaia  Colei,  from  the  Carboniferous  of  Ireland, 
which  is  no  doubt  its  nearest  allied  species  (see  Mon.  Pal.  Soc 
Ciurb.  Trilobites,  1883,  p.  16,  pi.  ii.).  Ph.  Polleni,  differs  from  it  in 
the  form  of  the  glabella,  and  also  in  having  the  cheek-spines  more 
pronounced,  and  in  the  absence  of  furrows  on  the  glabella.  The 
extremities  of  the  pleurss  are  rather  more  pointed  in  Ph,  Colei. 
In  the  pygidium  the  border  of  the  shield  is  not  so  wide  in  Ph. 
Polleni,  and  the  axis  is  more  rounded  at  the  extremity  and  does 
not  reach  so  near  to  the  outer  edge  of  the  border  as  it  does  in 
Ph.  Colei,  in  which  the  margin  of  the  pygidium  is  also  more  cor- 
rugated. Ph.  Colei  is  the  only  Carboniferous  species  which  closely 
approximates  to  Ph.  Polleni;  but  the  differences  just  pointed  out  may 
easily  suffice  to  distinguish  them  from  one  another.  I  venture  to 
dedicate  this  form  to  the  Rev.  G.  C.  H.  Pollen,  S.J.,  of  Stony  hurst 
College,  to  whom  I  am  indebted  for  my  knowledge  of  these  Trilo- 
bites, and  whose  careful  geological  investigations  brought  about  their 
discovery. 

Both  Trilobites  belong  to  the  Carboniferous  Formation ;  but  as 
to  their  exact  geological  horizon  in  the  series  it  seems  at  present 
most  unwise  to  speak  dogmatically,  owing  to  the  difficult  nature 
of  the  ground  to  be  examined  and  the  almost  certainty  of  the 
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noomnoe  of  tbe  Bam«  beds  broogfat  ia  again  by  fuilta  and  f(il& 
The  abaenoe  of  pBlsontolt^oal  horizoDB  to  fix  the  poritiDD  of  oUm 
bflda  KboT«  and  below,  u  aI§o  graatlj  felt  I  have  do  donbt,  bow> 
ever,  that  if  Mr.  Pollen  ia  able  to  give  tbe  UMMaaary  time  to  fiw 
taak,  he  will  nnravel  the  BaDoeasion,  ao  &r  aa  it  affects  the  btnb 
of  the  Hodder.  For  larger  areae  we  maj  look  with  oonfldenoe  ta 
Hr.  'nddeman  and  the  offioen  of  tha  Gkologioal  Son^,  to  whoa 
we  already  owe  ao  mooh,  for  light  and  gnidanee. 


JL  d>A  gtvpA  CftMHuteoiii  Limwhniw; 


Aabmjri. — la  addition  to  tha  namerona  ranaine  of  Trilolntei 
firotn  the  oarbonaoeons  abalsa  of  the  Hodder  bank,  Hr.  Pollen  hu 
tent  me  up  two  amall  pTRidia  (see  Woodcnt)  oUainad  hj  him, 
I^g.  1  from  a  dark  reddii£  pebble.  Fig.  2  from  a  dark  greyiik 
pebble  of  oryBtalline  limeitone,  obtained  out  of  the  river-bed  itaelt 
Ab  these  pebbleB  have  undonbtedl;  come  from  points  much  higher 
up  stream,  and  bare  undergone  rounding,  the  exact  poeition  of  ths 
parent  rook  ia  not  at  present  known. 

Fig.  1. — The  larger  abdominal  shield,  or  pygidinm,  in  the  led 
matrix  measores  10  millimetres  in  length,  by  13  mm.  brond,  and  it 
oompoeed  of  IS  ooaleeoed  segments,  very  indietinctly  seen,  being  partly 
deoortioated ;  the  axis  of  uie  tail  ia  ronndly  elevated,  about  4  mm. 
broad  at  the  proximal  border,  where  it  articulates  with  the  ceph»li>- 
thorax  and  tapers  down  to  an  obtuse  point  close  to  the  posterior 
border;  tbe  pleuree  oomposing  the  margin  are  indicated  by  distinct 
lateral  furrows  on  the  pygidium,  around  the  mai^n  of  which  there 
is  a  narrow  smooth  border  1  mm.  broad.  The  Burfaoe  is  not 
ornamented  by  any  tnberoles  or  punotie.  I  refer  thiB  form  to 
PhiUipiia  Derbieniii,  Martin  (see  H.  Woodward's  Mon.  Carb. 
Trilobites;  Pal.  Soo.  Mon.  1663,  p.  12,  pi.  i.  figs.  2a,  6,  and  9) 
(Bee  Woodcut,  lupra,  Fig.  1).  There  is  a  minute  GonialUe  imbedded 
in  the  same  pebble. 

Fig.  2. — llie  seoood  and  smaller  tail,  preserved  in  a  pebble  of 
glistening  orjnoidal  limestone,  is  S  mm.  in  length  and  the  bsom 
in  breadth ;  it  is  composed  of  14  ooaleeced  segments,  the  ridge  of 
eaob  segment  being  ornamented  by  a  single  row  of  very  minnts 
tubercles ;  there  is  a  very  narrow  smooth  margin  around  the  border 
of  the  tail-shield  ;  the  axis  is  about  3  mm.  broad  where  it  artionlatea 
with  the  oephalothoiax ;  it  diminiaheB  poetetiorly,  and  it  termimtei 
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bluntly  within  the  margin  of  the  shield  (see  Woodout,  supra.  Fig.  2). 
I  have  no  doubt  in  referring  this  specimen  to  Fhillipsia  gemmulifera, 
Phillips,  sp.  (See  H.  Woodward's  Mon.  Carb.  Trilobites,  PaL  Soo. 
Mon.  1883,  p.  17,  pi.  iii.  figs.  1-6.) 

EXPLANATION   OP  PLATE  XIV. 

FiOfl.  1-6.     FhiUipaia  van-der-Qraehtii,  H.  Woodw. 

Pio.  1.  Spedmen  showing  part  of  head  with  long  cheek -spines  and  entire  body- 
s^ments  and  pygiaium.    One  eye  seen  on  right  side  of  head.     X  f . 

Fio.  2.  A  udrW  well-preserved  head-shield  with  long  cheek-spines.     X  f. 

Fio.  3.  A  nearly  complete  example  viewed  from  the  under  side ;  the  test  is,  how- 
ever, removed.    It  gives  the  general  proportions  fairly  well,     x  f . 

Pio.  4.  A  specimen  with  the  head  and  hody -segments  preserved,  wanting  the  last 
two,  and  the  pygidiam  also,  with  one  long  cneek-spine  only  preserved; 
eyes  faintly  seen,     x  f . 

Pig.  5.  Small  specimen  showing  imperfect  head-shield  with  eyes  and  cheek-spines, 
body-segments  displac^  ana  pygidinm  soueezed  over  tnem.     X  f. 

r.'io.  6.  Imperfect  specimen,  showing  h^-shiela  and  cheek-spines,  eyes  not  pre- 
served; body-segments  obscure,     x  f. 

Fms.  7-12.     Phillipna  Fblleni,  H.  Woodw. 

Fio.    7.  Specimen  showing  glabella,  body -segments,  and  pygidinm,  but  wanting 

left  margin  and  both  cheeks.     X  f . 
Pio.    8.  An  entire  but  poorly  preserved  specimen,  ffivin^,  however,  valuable  details 

of  head,  facial  sutures,  body-segments,  ana  pygidinm.     x  f . 
Pio.    9.  Specimen  nearly  entire,  tne  pleur®  injured  on  right  side,  showing  eyes 

and  facial  sutures  and  angles  of  head-shield. 
Pio.  10.  A  less  perfect  specimen,  but  with  the  test  preserved.    The  pygidinm  is 

perfect,  and  has  a  larger  number  of  coalesced  segments  composing  it  than 

the  others.    Possibly  distinct  P 
Fio.  11.  a  detached  free-cheek  showing  eye  well  preserved. 
Fio.  12.  a  detached  pygidinm. 

All  the  specimens  are  from  the  thin,  laminated,  black  carbonaceous  shales. 
Carboniferous  formation :  banks  of  the  Hodder  near  the  Bathing-cots  below  Hodder 
House;   Stony  hurst.     The  ''types"  preserved  in  the  British  Museum  (Nat.  Hist.}. 


IL — Physiographioal  Studies  in  Lak bland. 

By  J.  £.  MARa,  M.A.,  F.B.S.,  Sec.G.S. 

1.  Chubgh  Beok,  Coniston. 

WHEN  working  amongst  the  rooks  of  Lakeland,  one  is  often 
confronted  with  problems  connected  with  the  superficial 
features  of  the  country,  and  as  some  of  these  are  of  more  than 
local  interest  1  propose  to  notice  them  from  time  to  time. 

Church  Beck,  flowing  in  a  south-easterly  direction  from  the 
eastern  slopes  of  the  Old  Man  range,  passes  through  Coniston 
Valley  to  discharge  its  waters  into  the  head  of  Coniston  Lake,  not 
far  from  the  point  of  entrance  of  the  more  important  Yewdale 
Beck,  which  flows  through  the  wide  valley  of  Tewdale  in  a 
southerly  direction.  Church  Beck,  on  the  other  hand,  flows  through 
an  upland  valley,  and  is  joined  by  the  union  of  Low  Water,  Lever's 
Water,  and  the  Red  Dell  Becks.  Walking  up  its  banks  from 
Coniston  Village,  one  presently  comes  upon  an  exposure  of  the 
Skelgill  graptolitic  shales  at  a  height  of  about  225  feet  above  sea- 
leveL     Above  this,  one  rapidly  mounts  the  hill,  and  passing  a 
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considerable  waterfall,  reaches  Gill  Head  Bridge  at  a  height  of 
about  540  feet  Above  this  is  an  alluvial  flat  extending  to  the 
Goniston  copper  works  at  the  junction  of  the  Red  Dell  Beck  with 
that  formed  by  the  union  of  Lever's  Water  and  Low  Water  Becks. 
The  bottom  of  this  alluvial  valley  is  occupied  by  stratified  deposits, 
formed  by  the  washings  of  the  copper  works,  which  will,  of  coarse, 
not  be  confused  with  the  much  older  deposits  about  to  be  described. 
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Explanation  of  Map  of  Church  Beck,  Goniston. 

SS,  Outcrop  of  Skelgill  beds  (shifted  by  fault  above  head  of  Coniston  Lake). 

o,  Position  of  gravels  with  fra^pnents  of  Skelgill  beds. 

i,  Position  of  contorted  loam,  etc.,  on  Boulder-clay. 

The  dotted  line  on  map  marks  the  600-feet  contour  line. 

The  plain  arrow  indicates  the  direction  of  the  Local  Glacier. 

The  leathered  arrow  indicates  the  direction  of  the  Yewdale  Glacier. 

Close  to  Gill  Head  Bridge,  by  the  side  of  the  road  on  the  left 
bank  of  the  stream,  is  a  section  in  gravel  and  loam  (a  similar  gravel 
occurs  by  the  side  of  the  road  at  a  lower  level  and  nearer  Coniston 
Village  at  a  height  of  400  feet). 

These  deposits  are  well  stratified,  and  rest  on  glaciated  rocks 
with  striaa  pointing  down  the  Church  Beck  Valley,  and  no  doubt 
formed  by  a  glacier  coming  down  from  the  Old  Man  Range. 
Amongst  other  stones,  they  contain  a  number  of  fragments  of  the 
Skelgill  graptolite-bearing  beds,  occurring  in  st/u  about  350  feet 
lower  down  the  valley.  It  is  of  interest  to  inquire  how  these  frag- 
ments got  into  this  position. 

The  top  of  the  gravel  forms  an  indistinct  terrace,  at  a  height 
of  about  576  feet,  which  may  be  seen  on  either  side  of  the  valley; 
but  it  does  not  run  continuously  round  it,  for  the  stratified  deposits 
abut  against  and  overlie  Boulder-clay  near  the  top  of  the  alluvial 
plain,  just  below  the  Copper  Works,  and  by  the  side  of  the  above- 
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mentioned  road.  Here  an  interesting  section  is  seen  of  extremely 
fine  laminated  loam,  resting  upon  the  Boulder-olay,  which,  however, 
contains  seams  of  a  similar  loam.  This  appears  to  be  the  section 
drawn  in  Mackintosh's  *'  Scenery  of  England  and  Wales,"  p.  393, 
though  all  the  details  shown  there  are  not  now  visible. 

These  stratified  deposits  are  of  such  a  nature  that  they  would  be 
unhesitatingly  referred  to  *'  mid-Glacial  gravels  "  by  some  writers ; 
but  on  this  view  the  presence  of  the  fragments  of  Skelgill  Shale 
will  be  difiScult  to  explain.  It  is  true  that  the  Skelgill  Beds  occur 
at  a  level  higher  than  that  of  the  gravel  both  to  the  north-east  and 
south-west  of  Church  Beck,  but  they  certainly  cannot  have  been 
brought  by  ice  from  the  south-west,  for  the  movement  of  the  ice 
was  generally  from  the  north,  nor  could  they  have  come  from  the 
north-east,  for  the  only  place  where  they  occur  there  at  a  higher 
level  than  that  of  the  gravel,  is  on  the  opposite  side  of  the  Yewdale 
Yalley,  down  which  the  main  mass  of  ice  moved  in  a  general 
southerly  direction.  The  local  distribution  of  the  gravel  is  an 
objection  to  their  having  been  brought  by  floating  ice  in  a  glacial 
sea.  If  they  had  been  so  brought,  we  should  expect  to  find  similar 
deposits  widely  spread  on  the  low  ground  about  Coniston  Lake,  but 
they  do  not  occur  there.  How,  then,  did  they  reach  their  present 
position?  The  most  plausible  explanation  that  I  can  give  is  as 
follows : — 

It  has  been  seen  that  the  local  ice  from  the  Old  Man  Eange 
once  came  down  the  valley  below  Oill  Head  Bridge,  as  shown  by 
the  rock  striations.  This  glacier  had  certainly  receded  above  that 
bridge  when  the  stratified  deposits  were  formed.  But  the  more 
important  mass  of  ice  coming  down  Yewdale  would  extend  across 
the  mouth  of  the  Church  Beck  Yalley,  blocking  it  up,  and  converting 
it  into  a  glacier-dammed  lake.  Into  this  lake  the  coarse  sediments 
would  be  washed  off  the  hillsides  to  form  the  gravel  terrace.  The 
presence  of  fine  loam  higher  up  the  valley,  and  the  absence  of  the 
terrace  just  above,  suggests  that  at  this  time  the  local  glacier  was 
about  the  head  of  the  lake,  and  the  muddy  waters  from  it  were 
discharged  into  the  lake  to  form  the  impalpable  laminated  loam. 
The  contortion  of  the  loam,  and  the  inclusion  of  patches  of  loam  in 
the  Boulder-clay,  point  to  slight  oscillations  in  the  glacier,  which 
at  one  time  retreated  from  the  lake  shore,  at  another  advanced  a 
short  way  into  the  lake.  The  main  Yewdale  glacier  would  shed  its 
bergs  into  the  lake,  as  does  the  Aletsch  glacier  into  the  Marjelen 
See,  and  fragments  of  the  Skelgill  Beds  carried  in  the  ice  could  in 
this  way  be  floated  up  and  incorporated  in  the  gravels.  This 
certainly  seems  the  most  natural  explanation  of  the  phenomena 
exhibited  in  this  valley.  The  accompanying  map,  when  looked  at 
in  connection  with  a  general  map  of  the  district,  will  show  how 
favourable  were  the  circumstances  for  the  blocking  up  of  the  valley 
by  ice.*  The  400  foot  gravel  appears  to  belong  to  a  lower  terrace, 
formed  when  the  Yewdale  glacier  had  shrunk. 

*  The  top  of  the  terrace  does  not  coincide  with  any  eoL     The  surplus  water  from 
the  lake  probably  disappeared  through  rents  in  the  glacier. 
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I  shoald  Dot  haye  notioed  ibis  oase  were  it  not  for  the  tendenoj  of 
some  writers  to  assign  all  stratified  deposits  oonneoted  with  Ohunil 
beds  to  a  mid-Glaoial  period.  The  stratified  deposits  of  Lskelsnd 
and  its  neighbourhood  axe  very  nomeroos,  bat  their  modes  of  pro- 
dootion  are  yery  diyerse,  and  after  many  years  of  work  in  the 
district  I  have  seen  no  proofs  of  an  extensive  mid-Glaoial  sob- 
meigenoe  there ;  everything  points  to  the  oontrary. 


TIL — ^NOTBS  OH  THS  OSTBOLOQT  OV  AWQ0DU9  {SfOPOTAXUS)^ 

By  Ptof.  W.  B.  Soon,  F.G.S. 
Professor  of  Geology  ia  the  £.  M.  MiiMitm  of  Geology,  Prineeton,  New  Jeney,  n.S.A. 

r  might  well  appear  that  the  labours  of  Kowalevsky  and  Filhol 
had  so  oompletely  determined  the  struotore  of  this  genus,  that 
nothing  of  importance  remained  to  add  to  their  results ;  but  this 
is  very  far  from  being  the  case.  The  European  material,  found 
prinoipally  at  Hempstead  and  at  Bonson,  near  Pay  in  Franoe,  is 
so  scattered  that  its  proper  association  is  a  matter  of  great  difficulty, 
and  errors  are  unavoidaUe. 

Mr.  J.  B.  Hatcher,  Assistant  in  G^logy,  and  one  of  the  Ouraton 
of  this  Museum,  has  during  the  past  two  summers  been  engaged  in 
ooUecting  from  the  Oligocene  beds  of  South  Dakota,  and  among 
many  other  treasures  has  obtained  several  all  but  complete  skeletons 
of  Aneodu$,  belonging  to  the  species  which  Osbom  and  Wortmsn 
have  lately  named  A.  (Hyopotamus)  braehyrhpnchu$.  This  material 
proves  to  be  of  great  interest  and  importance,  and  will  be  folly 
described  in  an  illustrated  monograph  which  is  soon  to  appear. 
The  object  of  the  present  preliminary  notice  is  to  call  atteotion  to 
some  of  the  more  striking  characteristics  of  this  curious  animal. 

The  American  species  of  AncoduB  present  certain  constant  differ- 
ences from  the  European  members  of  the  genus.  (1)  The  muzzle 
is  not  drawn  out  into  such  an  extraordinary  rostrum ;  (2)  The  skull 
has  greater  vertical  height,  though  this  difference  may  be  due  in 
part  to  the  onishing  which  the  Ronzon  specimens  have  undergone; 
(3)  The  coronoid  process  of  the  lower  jaw  is  much  more  prominent 
and  more  decidedly  recurved. 

The  structure  of  the  cranium  is  very  similar  to  that  found  in  the 
peculiar  American  genus,  Oreodon,  the  proportions  of  the  cranial 
bones  being  nearly  identical ;  but  while  in  Ancodus  the  facial  region 
is  remarkably  elongate,  in  Oreodon  it  is  extremely  short,  the  teeth 
forming  a  continuous  series  without  diastemata. 

The  vertebral  column  is  also  oreodont  in  character,  and  the  odontoid 

{process  of  the  axis,  as  in  that  family,  is  neither  conical  nor  spont- 
ike,  but  half  way  between  the  two.  The  ribs  are  long  and  broader 
and  more  flattened  than  in  the  oreodonts,  and  the  sternum  is  similar 
to  that  of  the  latter  family.  The  scapula,  humerus,  ulna,  and  radios 
differ  from  those  of  the  oreodonts  only  in  detail ;  thus  the  ulna  is 
less  reduced  and  has  a  shorter  and  remarkably  heavy  olecranon. 
The  manus  is  pentadactyl,  with  a  large,  well-developed  pollex. 
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In  1884  I  showed  that  Oreodon  possessed  a  pollex,  the  first 
artiodaotyl  in  which  this  structure  had  heen  ohserved;  later  I 
found  it  in  the  Uinta  (Upper  Eocene)  form  Proioreodon.  Ancodus 
is  thus  the  third  genus  known  to  possess  it,  and  is  doubtless  an 
indication  that  the  Eocene  artiodactyls  will  be  generally  found  to 
have  five  digits  in  the  manus.  In  this  genus  the  poUex  is  larger 
relatively  than  in  either  of  the  others,  and  must  have  been  of  some 
functional  value. 

The  femur  and  tibia  differ  from  those  of  Oreodon  only  in  their 
much  greater  size  and  massiveness;  they  are  longer  and  heavier 
in  proportion  to  the  fore-limb  than  in  that  genus,  but  the  shape 
and  character  of  these  bones  are  similar.  The  fibula  is  complete, 
but  the  shaft  is  much  reduced  and  the  distal  portion  is  shifted  more 
beneath  the  tibia  than  is  common  among  artiodactyls  of  such 
antiquity. 

The  tarsus  is  oreodont  in  type,  with  some  curious  specializations, 
which  are  more  elaborated  in  the  American  species  than  in  those 
figured  by  Eowalevsky  and  Filhol.  The  astragalus  and  calcaneum 
are  interlocked  in  a  remarkably  complex  and  perfect  way,  which, 
however,  can  hardly  be  rendered  intelligible  without  the  aid  of 
figures.  As  in  the  oreodont,  and  indeed  most  artiodactyls,  the  ecto- 
and  mesocuneiforms  are  ankylosed  into  a  single  piece.  The  ento- 
onneiform  is  very  unusually  large  and  heavy,  and  to  its  distal  end 
is  attached  a  good-sized  nodule  representing  a  rudiment  of  the  first 
metatarsal.  The  artiodactyl  hallux  was  first  demonstrated  by 
Osbom  and  Wortman,  who  found  it  in  the  foot  upon  which  they 
established  the  genus  Artionyx,  but  which  I  have  shown  to  be 
referable  to  Agrtochcerus,  Leidy,  a  most  remarkable  artiodactyl 
with  claws  instead  of  hoofs.  Marsh  has  lately  published  the  state- 
ment that  a  rudiment  of  the  hallux  is  preserved  in  Protoreodon 
(Eomeryx), 

The  phalanges  of  Ancodus  hrachyrhynchua,  and  especially  the 
unguals,  are  quite  different  from  those  of  the  European  species  and 
approximate  more  to  the  oreodont  type. 

The  general  resemblance  of  Oreodon  and  Ancodus  has  been  com- 
mented on  by  many  writers,  but  we  are  now  for  the  first  time  in  a 
position  to  determine  just  what  that  resemblance  is,  and  we  find  it  to 
extend  to  all  parts  of  the  structure.  When  the  Upper  Eocene  genus 
Protoreodon  is  taken  into  account  the  similarity  is  found  to  be  all 
the  greater,  for  the  latter  has  the  oreodont  peculiarities  less  markedly 
developed  and  still  retains  the  pentaselenodont  type  of  dentition. 
Agriochcerus  is  also  clearly  related  to  the  oreodon ts,  but  represents 
a  very  aberrant  line.  We  may  infer  with  considerable  confidence 
that  Oreodon,  Ancodus,  and  Agriochcerfts  belong  to  three  divergent 
branches  of  the  same  stock.  It  is  true  that  the  former  is  an  ex- 
clusively American  genus,  while  Ancodtis  very  probably  originated 
in  the  Old  World,  reaching  North  America  by  migration  in  early 
Oligocene  times.  Doubtless,  however,  we  shall  eventually  find  a 
Middle  Eocene  form,  common  to  both  hemispheres,  which  will  prove 
to  be  the  ancestral  type  required. 
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lY. — Chloritio  Marl  and  Warminstkb  Gbkkvsand. 
By  C.  J.  A.  Mbtxb,  F.6.S.,  and  A.  J.  Jukss-Bkowkb,  F.6.8. 

IN  the  year  1878  there  was  a  short  oontroversy  between  qb 
respecting  these  beds  in  the  pages  of  this  Maqazinb.  Since 
that  date  we  have  both  enlarged  our  knowledge  of  the  beds  at  the 
junction  of  Chalk  and  Greensand,  and  recently  we  have  had  an 
opportunity  of  meeting  at  Seaton  in  Devon,  and  of  examining  the 
'Whiteclifif  and  Beer  Head  sections  together.  The  resalt  of  this 
and  of  friendly  discussion  is  that  we  have  both  modified  our  views 
and  have  come  to  an  agreement  on  the  most  important  points 
about  which  we  differed  in  1878.  Under  these  circumstances  we 
think  it  will  save  trouble  and  facilitate  future  enquiry  if  we  jointly 
express  our  present  views  on  the  subject  so  far  as  we  are  in 
agreement 

1.  Chlortttc  Marl, — As  far  as  we  can  ascertain,  this  name  was  first 
applied  to  certain  beds  at  the  junction  of  the  Chalk  and  Greensand 
in  the  Isle  of  Wight^  It  was  subsequently  adopted  by  Prof.  £. 
Forbes,  for  a  bed  which  occupied  a  similar  position  in  Dorset,  and 
has  since  been  used  for  any  bed  lying  at  the  base  of  the  Chalk  Marl 
and  containing  fossils  and  green  grains. 

It  does  not  follow,  however,  that  the  basal  part  of  the  Chalk 
Marl  is  everywhere  of  exactly  the  same  age ;  there  may  have  heen 
continuous  deposition  over  one  part  of  the  sea-floor,  while  a 
neighbouring  part  was  swept  by  a  strong  current.  We  think  this 
was  the  case,  because  in  some  localities  there  is  a  complete  passage 
upwards  from  Greensand  to  Chalk,  while  in  others  there  is  a  clearly 
marked  break  and  plane  of  erosion  between  them.  Where  there  is 
a  passage  the  beds  with  phosphate  nodules  are  probably  on  the  same 
stratigraphical  horizon ;  but  wherever  a  break  occurs  the  basement 
of  the  Chalk  may  belong  to  a  higher  horizon. 

In  the  Isle  of  Wight,  in  N.E.  Dorset,  and  South  Wilts  there  is 
either  complete  passage  or  very  slight  signs  of  erosion  ;  there  is 
always  soft  greensand  below  the  bed  with  phospbatic  nodules,  and 
the  latter  always  contains  the  sponge  Stauronema  Carieri. 

In  the  western  part  of  Dorset  there  is  always  a  break  between 
Greensand  and  Chalk :  the  top  bed  of  the  Greensand  is  generally 
a  hard  calcareous  sandstone ;  the  nodule  bed  at  the  base  of  the 
Chalk  does  not  contain  Stauronema,  but  yields  Scaphites  cequalis 
in  abundance,  whereas  in  the  Isle  of  Wight  Scaphites  only  occurs 
in  the  Chalk  Alarl  about  20  feet  above  the  base.'*  Consequently 
we  consider  that  the  Scaphites  bed  of  Dorset  belongs  to  a  higher 
stratigraphical  horizon  than  the  Stauronema  bed  of  the  Isle  of 
Wight. 

Now  if  the  name  Chloritio  Marl  is  to  be  retained — and  it  seems 
to  die  hard — we  think  it  should  be  restricted  to  the  horizon  or 

»  Il)betson,  "Notes  on  the  Strata  of  the  Isle  of  '^ifrht."     London,  1849.    8to. 
*  It  has  been  recorded  from  the  Chloritio  Marl,  but  we  believe  that  this  is  a 
mistake ;   at  any  rate,  the  find  has  never  been  contirmed. 
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^'hemera"  of  Stauronema  Cartert,  and  that  the  name  should  cease 
to  be  applied  to  the  8caphite$  bed  of  Dorset  and  Somerset,  or  to 
any  bed  in  Devonshire.  We  are  now  of  opinion  that  the  bed 
which  lithologically  resembles  Chloritio  Marl  at  Beer  Head,  namely. 
No.  13  of  the  succession  descnhed  by  one  of  us  in  1874,^  is 
really  the  representative  of  the  zone  of  Belemnitella  plena,  for  it 
contains  that  fossil  and  passes  up  into  the  basement  bed  of  the 
Middle  Chalk. 

2.  Warminater  Beds. — As  one  of  us  pointed  out  in  1878,'  the 
fossils  of  the  Warminster  fauna  were  always  collected  from  the 
surface  of  a  field  near  Chute  Farm ;  but  there  is  now  an  exposure 
of  the  Greensand  which  contains  these  fossils  in  a  small  pit  at  the 
neighbouring  farm  called  Rye  Hill  (Ray  Hill  on  the  old  Ordnance 
Map).  This  Oreensand  is  seen  to  pass  up  into  a  glauconitic  marl 
containing  scattered  phosphatic  nodules,  and  in  this  nodule-bed  at 
another  exposure  Stauronema  Carieri  occurs,  the  bed  gradually 
passing  up  into  Chalk  Marl.  Hence  it  is  clear  that  the  home  of 
the  Warminster  fauna  is  entirely  below  the  Chloritio  Marl,  if  that 
be  defined  as  the  horizon  of  Stauronema  Carteri, 

It  is,  moreover,  important  to  note  that  the  fossiliferous  greensand 
does  not  contain  brown  phosphatic  nodules,  only  a  few  pale  yellow 
calcareous  concretions;  consequently  fossils  in  brown  phosphate 
purporting  to  come  from  the  ''  Warminster  Greensand  "  roust  really 
have  come  from  the  overlying  Chloritio  Marl,  and  should  therefore 
be  excluded  from  the  list  of  Warminster  Greensand  fossils.  We 
find  that  many  such  phosphatic  fossils  occur  in  the  collections  of 
different  museums,  and  this  fact  has  no  douht  tended  to  increase 
the  confusion  between  the  Warminster  bed  and  the  Chloritio  Marl. 

On  the  other  hand,  in  the  Isle  of  Wight  the  bed  of  soft  greensand 
which  lies  below  the  nodule-beds,  and  which  has  by  some  been 
included  in  the  Chloritio  Marl,  contains  Terebratella  pectita,  Catopygua 
columhariuB,  and  other  Warminster  species,  which  do  not  occur  in  the 
Stauronema  beds  above. 

It  I  is  true  that  in  Devonshire  (Beer  Head,  etc.)  a  Warminster 
fauna  is  present  in  beds  which  appear  to  be  wholly  above  the 
Upper  Greensand ;  this,  however,  is  probably  due  in  part  to  the 
survival  of  shallow-water  species  in  the  neighbourhood  of  a  coast- 
line,  for  Pecten  asper  and  other  Warminster  fossils  are  there  asso- 
ciated with  Holaster  suhglohoaue  and  Ammonitee  ManteUi,  which  are 
essentially  Chalk  Marl  species. 

We  think,  therefore,  that  the  Warminster  Greensand  and  its 
equivalents  should  be  regarded  as  the  summit  of  the  Upper  Green- 
sand, and  the  Stauronema  bed  or  Chloritio  Marl  as  the  lowest  horizon 
which  can  be  included  in  the  Chalk,  this  horizon  being  sometimes 
absent  through  non-deposition. 

These  views  will  entail  a  complete  revision  of  the  lists  of  Chloritio 
Marl  fossils,  as  well  as  of  the  Warminster  greensand  fossils. 

*  Qnart.  Journ.  Geo!.  Soc.  yoI.  xxx.  p.  369. 

»  Gbol.  Mao.  Dec.  II.  Vol.  V.  pp.  647-661,  December,  1878. 
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Y. — ^Hb.  Haxxbb  avd  Mb.  Dbklbt  ov  thb  Soaxdivatuv  loB-Smx. 

Bj  Sir  RwKwt  H.  Howokh*  K.C.I.E.,  ILP^  FJRA^  FJdM. 

MR.  DEELEY  tells  jonr  ratden  that  ha  has  raoenaj  be«  to 
the  sammit  of  Mont  Blano^  and  has  been  stadynig  the 
difference  between  nM  and  glacier  ice.  This  ia  interesting;  bat 
we  tboogfat  that  a  great  many  people  had  done  the  oame  thing  dung 
the  last  hundred  years,  and  we  uooght  that  one  of  thess,  Emta, 
had  stndied  the  lamooa  Mountain  and  the  phenomenon  in  qnerfoB 
to  good  effect^  not  in  a  oasoal  Tisit  to  the  Alps,  but  in  the  ooviss  of 
many  years  of  patient  labour.  Among  other  things  we  also  thought 
he  had  shown  that  in  a  viscous  body  lilro  ice,  ihe  slope  of  the  smmt 
surface  necessary  to  make  it  begin  to  move  is  the  same  aa  the  uops 
which  would  be  required  to  induce  motion  in  the  ice  if  ita  bed  wen 
inclined  at  an  angle.  He  further  collected  considerable  eridenoe  to 
show  what  the  least  angle  is  upon  which  ice  will  b^rin  to  move, 
This  is  the  slope,  the  lea$t  tlopa,  available.  It  ia  noUiing  lets  ihta 
astounding  to  me  that  anyone  should  venture  to  postulate  a  Sou- 
dinavian  ice-sheet  in  the  North  Sea  until  he  had  considered  thii 
necessary  factor,  and  how  it  would  operateu 

The  Scandinavian  ice-sheet  was,  I  believe,  the  invention  of 
CroU,  who,  sitting  in  his  arm-diair  and  endowed  with  a  briUiiDt 
imagination,  imposed  upon  sober  science  this  eztraordinaiy  posto- 
late.  He  did  not  dreun  of  testing  it  by  an  examination  of  (bo 
coasts  of  Norway,  or  even  of  Britain,  but  put  it  forward  appareutly 
as  a  magnificent  ded  action.  All  deductions  untested  by  experiment 
are  dangerous.  Thus  it  oame  about  that  the  great  monster  which  is 
said  to  have  come  from  Norway,  goodness  knows  by  what  mechanical 
process,  speedily  dissolved  away  on  the  application  of  indaotive 
methods.  Of  course  it  still  maintained  its  hold  upon  that  oeotion 
of  geologists  who  dogmatise  in  print  a  great  deal  about  the  Qlacial 
period  before  tbey  have  ever  seen  a  glacier  at  work  at  all ;  but  I 
am  speaking  of  tboRe  who  have  studied  the  problem  inductively. 
First  Mr.  James  Qeikie,  a  disciple  of  CroU,  was  obliged  to  confess 
that  this  ice-sheet,  whioh  is  aotually  said  to  have  advanced  as  far  as 
the  hundred-fathom  line  in  the  Atlantic,  and  there  presented  a  cliff 
of  ice  like  the  Antarctic  continent,  never  can  have  reached  the  Faroes, 
which  had  an  ice-sheet  of  their  own.  Next  Messrs.  Peach  and  Horoe 
were  constrained  to  admit  that  no  traces  of  it  of  any  kind  occur  in 
the  Orkneys,  or  in  Eastern  Scotland.  They  still  maintained  its 
presence  in  the  Shetlands ;  however,  this  was  upon  evidence  which 
is  somewhat  extraordinary.  I  do  not  mean  the  evidence  as  to  the 
direction  of  the  striation,  which  was  so  roughly  handled  by  Mr. 
Milne-Home,  but  I  mean  the  evidence  they  adduce  that  the  boulders 
found  on  the  islands  are  apparently  all  local  ones,  and  that»  contrary 
to  the  deposits  of  glaciers,  they  diminish  in  number  as  we  reoode 
from  the  matrix  whence  they  were  derived. 

If  we  cross  the  North  Sea  we  have  the  converging  evidenoe  of 
Bonney  and  Matthew  Williams  in  the  Lofodens,  of  Pettersen  in 
Centred  Norway,  and,  may  I  add„  of  Ejerulf,  whose  splendid  map  of 
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the  diatribotioQ  of  striad  and  boulders  in  South  Norway  is  most 
instructive,  all  of  them  plainly  showing  that  such  an  ice-sheet  is  an 
impossibility  unless  we  are  to  ignore  the  facts,  for  the  Norwegian 
ice  is  shown  not  to  have  even  extended  to  the  islands  on  its  coast. 
All  this,  and  a  great  deal  more,  I  have  called  attention  to  at  very 
great  length  elsewhere ;  and  I  am  bound  to  say  I  felt  surprised  that 
Mr.  Barker,  whose  laurels  have  been  won  as  a  petrologist,  should 
have  ventured  into  the  very  intricate  and  difficult  region  of  glacial 
geology  without  ascertaining  what  the  best  men  (I  mean  the  men 
1  quote)  had  already  done,  and  should  not  have  felt  some  hesitation 
in  basing  so  stupendous  a  postulate  as  a  North  Sea  ice-sheet  upon 
the  occurrence  at  Dimlington  of  some  stones  like  the  rocks  found 
in  Viken. 

Mr.  Barker  complains  that  I  have  travestied  his  argument  by 
converting  it  into  a  simple  syllogism.  That  argument  is  in  print, 
and  any  of  your  readers  is  at  liberty  to  construct  a  more  attractive 
syllogism  if  he  can.  The  fact  is,  some  arguments  look  like  travesties 
when  thus  analysed.  Apart  from  this,  Mr.  Barker  would  oblige  me 
by  re-stating  what  he  actually  meant  when,  in  view  of  the  postulate 
admitted  by  him  and  Mr.  Lamplugh,  that  more  than  nine-tenths 
of  the  Yorkshire  boulders  came  from  the  north-west,  he  adduced  as 
a  priori  probable  that  the  other  tenth  came  from  the  north-east, 
or  rather  the  east. 

Be  misunderstood  me  if  he  supposed  I  questioned  his  identifica- 
tion of  the  rocks  in  question.  As  a  petrographer  he  is  my  master, 
and  a  very  accomplished  master;  when  he  wanders  away  into 
glacial  geology  he  has  not  the  same  vantage.  When  I  said  that  in 
my  rambles  in  East  Anglia,  and  on  the  coasts  of  Durham  and 
Yorkshire,  I  had  not  myself  met  with  these  so-called  Scandinavian 
stones,  I  meant  not  that  such  stones  do  not  occur  there,  but  that 
they  are  distributed  very  locally,  which  they  are.  In  referring  to 
another  petrologist  it  was  for  the  purpose  of  saying  that  we  must  be 
very  certain  that  we  have  exhausted  every  possibility  of  these  stones 
having  come  from  the  Cheviots,  or  some  other  British  site,  before 
we  take  the  course  of  going  to  the  Cattegat  for  them;  and  that, 
inasmuch  as  the  vast  mass  of  the  boulders  found  with  them  came 
from  the  north-west,  it  is,  primd  facie,  probable  that  they  also  ipay 
have  come  from  some  buried  or  undiscovered  dyke  or  outflow  in 
Britain,  more  especially  as  the  Laurvig  rock  is  itself  so  very  local  in 
Norway.     Assuredly  this  is  a  reasonable  position  to  take. 

Supposing,  however,  they  come  from  the  Cattegat — the  next 
question  is,  how  did  they  come  ?  That  was,  and  remains,  the  really 
interesting  question  between  us.  I  argued  (in  view  of  the  facts 
already  mentioned)  that  a  Scandinavian  ice-sheet  is  an  impossibility. 
At  all  events,  if  it  be  possible,  the  facts  collected  by  some  of  the 
most  experienced  geologists,  Norwegian  and  English,  have  to  be 
explained.  Mr.  Barker  has  ignored  them  all,  and  inasmuch  as 
it  was  he  who  was  mainly  responsible  for  this  correspondence,  I 
think  it  would  be  welcome  to  us  all  if  he  were  to  suggest  some 
answer  to  them. 

DBCADB  IV. — YOL.   I. — NO.   XI.  ^*I 
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If  an  ioe*8heet  oroflaing  the  North  Sea  is  not  poatibb  aa  flia  portar 
of  these  stonee,  how  are  we  to  acoonnt  for  them  ?  loeberga  leem  to 
me  to  be  aa  difficult  to  explain  on  many  gronnda  aa  an  ioe-iheet 
Imter  alia,  I  preaume  the  poatulated  ioe  moat  have  oolleeted  tke 
Carboniferona  atonea  from  Durham,  and  the  atonea  from  the  Cheviot^ 
where  we  haye  no  evidence  of  continuoaa  aabmergenoau  I  tfaerafoie 
Buggeated  the  poaaibility  of  theae  local  depoaita  of  nortfaam  stonai 
on  the  aeaboard,  all  of  which,  ao  far  aa  I  have  aeen»  are  romMt  md 
water-worn,  and  not  one  of  them  haa  the  flattened  parallel  aideaof 
nndoabted  glacier  atonea,  beingf  poaaibly  ballaat^  which  finda  iti  way 
into  many  atrange  plaoea. 

Thia  very  year  I  heard,  at  Soathwold,  a  moat  oiioamatantiil 
account  of  two  cargoea  of  atonea  from  wrecka  which  had  been 
acattered  on  the  beach — one  of  them,  a  ateamer  from  Ouemaey  with 
Quemaey  rocka,  wrecked  near  Aldborough,  and  the  other  a  oaigo  of 
paving-atonea  from  Scotland.  Mr.  Hulke  writea  to  aay  that  ho 
remembera  a  cargo  of  £lephanta'  tnaka  being  aimilarly  ahipwreoked 
in  the  ChanneL  I  further  pointed  out  that  the  Norae  piratea,  wboio 
ahipa  were  being  continually  wrecked  on  the  Yorkahire  and  Eufc 
Anglian  coaata,  curioualy  enough  chiefly  came  from  Laurvig  and  iti 
neighbourhood,  and  not  only  muat  have  carried  ballaat,  but  ala> 
naed  atonea  for  anchora.  Thia  explanation  doea  explain  aimi^y, 
completely,  and  abaolutely  the  local  character  of  the  finda,  and  tho 
occurrence  of  the  atonea  on  the  atrand.  It  ia  on  the  atraad  tho 
great  bulk  of  them  occur.  Mr.  Harker  aaya,  however,  that  mmb 
also  occur  in  $itu  in  the  cliffs.  He  does  not  say  he  haa  found  any 
himself.  If  he  has,  and  the  question  is  very  important,  its  im- 
portanoe  has  certainly  been  overlooked  in  his  former  papers,  which 
I  quoted.  The  question  is  not  a  simple  one  to  decide,  and  we 
should  all  be  grateful  for  precise  and  definite  details,  and  not 
obiter  dicta. 

It  is  very  difficult  sometimes  on  these  coasts  (and  I  confess  to 
having  been  myself  misled  the  other  day  at  Cove  Hithe)  to  dis- 
tinguish between  boulders  actually  in  the  clay  originally  and  those 
driven  into  the  face  of  the  cliff  by  the  high  tides.  The  safest  test 
is  to  examine  pits  in  the  Boulder-clay  some  distance  from  the  sea. 
Has  this  been  done  ?  Any  details  as  to  the  exact  facts  of  the  finds 
other  than  on  the  strand  would  be  very  useful. 

The  issue  is  too  interesting  and  too  important  to  be  left  in  donbt, 
and  now  that  the  question  has  been  raised  in  this  way  it  ought  to  bo 
properly  sifted,  and  by  no  one  better  than  by  Mr.  Harker  and  Mr. 
Lamplugh.  The  stones  in  question  deserve  to  be  more  aystematically 
collected,  and  their  external  appearance  as  well  as  their  internal 
structure  described,  and  the  provenance  of  each  properly  marked. 
Such  a  collection  ought  to  be  found  in  Jermyn  Street,  the  best  of 
Geological  Museums,  but,  unfortunately,  the  Yorkshire  boulders  are 
badly  represented  there.  I  could  only  find  two  small  specimens  of 
the  rhomb  porphyr.  I  am  bound  to  add  that  from  my  own  superficial 
examination,  the  Yorkshire  stones  seem  to  differ  both  in  colour  and 
in  the  shape  and  size  and  mode  of  occurrence  of  the  imbedded 
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felspar  crystals  from  speoimens  of  rhomb  porphyry  from  Laurrig 
in  the  Natural  History  Maseum. 

Now  for  two  personal  matters : — Mr.  Deeley  says  I  have  misquoted 
two  letters  of  Professors  Bonney  and  Hughes.  The  letters  were 
private  letters,  written  to  myself,  and  are  on  my  table.  How  any- 
one but  myself  and  the  writers  can  know  what  they  contain  I  know 
not.  All  I  know  is  that  Prof.  Bonney,  in  regard  to  the  Lofodens, 
and  Prof.  Hughes,  in  regard  to  the  shipwrecked  stones  on  the  East 
coast,  absolutely  confirm  my  statements  of  fact.  The  inferences 
are  my  own. 

Secondly,  Mr.  Deeley  says  I  sneer  at  official  geologists.  In  my 
case  to  do  so  would  be  like  parricide  and  fratricide.  I  have  learnt  a 
great  deal  of  what  I  know  from  them,  and  have  received  unbounded 
courtesy  from  them.  What  I  do  object  to,  and  shall  continue  to 
protest  against,  is  the  notion  that  geologists,  official  or  otherwise, 
any  more  than  any  other  scientific  men,  have  a  right  to  publish  and 
discuss  great  issues  until  they  have  read  what  other  people  have  written 
about  them.  It  does  further  seem  preposterous  to  me  that  a  number 
of  men  should  be  told  off  to  map  so-called  glacial  deposits,  and 
to  write  memoirs — not  on  the  facts,  but  on  a  glacial  explanation 
of  the  facts — who  have  never  studied  the  mechanics  of  ice  in  the 
laboratory,  and,  what  is  more  strange,  have  never  seen  a  glacier 
at  all. 

Lastly,  I  suppose  no  other  science  but  long-suffering  geology 
would  tolerate  the  absurdity — may  I  say  the  impertinence  ?— of  a 
public  advertisement  from  a  casual  visitor  to  Switzerland,  that, 
having  gone  to  Mont  Blanc  in  the  year  of  grace  1894,  he  proposed 
to  settle  the  great  question  of  the  different  action  of  nivi  and  ice. 
Why,  the  question  is  a  century  old,  and  there  was  a  whole  library 
written  upon  it  before  either  Mr.  Deeley  or  myself  was  born ! 


VI. — ^Thb  Tumuri  Valley  of  Cuba — A  Rook-Basin. 
By  J.  W.  Spencer,  M.A.,  Ph.D.,  B.A.Sc,  F.G.S. 

NEAR  the  city  of  Matanzas,  in  Cuba,  there  is  a  beautiful  valley 
called  the  Yumuri,  of  which  the  good  people  of  the  region 
are  justly  proud.  Its  interest  to  the  geologist  is  unsurpassed  in  the 
island.  At  its  entrance  there  is  the  most  complete  section  of 
Tertiary  rocks  observed  by  me  in  Cuba.  This  valley  is  a  record 
of  the  great  erosion  of  the  land  during  most  of  the  Pliocene  period, 
at  the  close  of  which  it  was  partly  refilled.  The  valley  was  re- 
excavated  during  the  earlier  days  of  the  Pleistocene  period,  and 
Buffered  other  changes,  but  it  is  the  closing  of  the  valley  into  a 
rook-basin  in  almost  modern  days  of  which  I  write. 

Upon  the  northern  side  of  the  ridges,  of  which  Pan  de  Matanzas 
is  the  highest  point  (1277  feet  above  tide),  there  are  the  remains  of  a 
former  plain,  which  extended  five  or  six  miles  to  near  the  sea-shore, 
with  an  elevation  of  about  450  feet.  Out  of  this  plateau  the  Yumuri 
Valley  has  been  excavated  with  a  breadth  of  about  three  miles,  and 
length  of  five  or  six  miles,  with  a  further  rugged  extension  of  one 
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of  the  tributary  valleys  to  the  foot  of  Pan  de  Matanzas,  as  sbown  on 
Map  (Fig.  1).  The  floor  of  the  basin  rises  from  near  tide-level  to 
considerable  elevations  in  its  upper  part,  where  there  are  low  ridges 
produced  by  the  unequal  washings  of  the  tropical  rains.  The  floor 
of  the  lower  part  of  the  basin  has  been  silted  up  so  as  to  be 
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Fxo.  1.    Map  of  tbe  Tumuri  Valley,  A  B,  position  of  section  shown  in  Fig.  3. 

level,  and  it  is  bounded  by  steep  wave- washed  banks  indicating  its 
former  lacustrine  character.  The  floor  of  the  basin  is  underlaid  by 
Cretaceous  sands,  decaying  serpentine  rock,  or  Tertiary  limestone, 
which  have  been  very  extensively  removed  so  as  to  expose  the  other 
and  older  named  beds.  The  original  valley  was  excavated  out  of 
the  upturned  beds  of  Miocene  and  Eocene  limestones.  During  the 
following  submergence,  at  the  close  of  the  Pliocene  period,  the 
valley  does  not  appear  to  have  been  completely  filled  with  the  later 
calcareous  rocks  (Matanzas  limestone  of  the  author  *),  which  contain, 
mostly,  living  organisms.  During  the  long  epoch  of  the  earlier 
Pleistocene  elevation  and  erosion,  the  Yumuri  Valley  was  again 
excavated,  and  in  some  parts  enlarged,  so  that  only  fragments  of 
the  Matanzas  limestones  are  found  on  the  sides  of  the  valley.  The 
south-eastern  end  of  the  basin  is  about  three  miles  wide,  and  is 
divided  by  a  hill  into  two  lobes.  The  basin  is  cut  off  from  the  bay 
(or  rather  ijord)  of  Matanzas  (with  an  increasing  depth  of  from 
1000  to  loUO  feet)  by  a  barrier  ridge,  whose  base  is  about  a  mile 
wide,  and  whose  height  is  from  250  to  over  450  feet  above  tide 
(see  Fig.  3).  The  Miocene  and  Eocene  strata  dip  at  from  20°  to 
30"^  S.  20°  E.,  whilst  the  overlying  Matanzas  marls  dip  at  10°  or 
12°  N.  20^  E. ;  and  these  last  are  succeeded  by  modern  coral-reefs 
on  the  seaward  side  of  the  ridge.  The  outlet  of  the  broad  valley  is 
a  canon  with  vertical  walls  (below  and  sloping  above)  rising  250  feet 
above  the  water,  and  with  a  breadth  of  only  300  feet,  like  many  other 

^  Ii.'scribed  in  a  paper  read  before  the  Brooklyn  Meeting  of  Am.  Assoc.  Ad.  Sc. 
aa  un  udvimcod  notice  of  au  unlinislied  paper. 
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recent  canons  along  the  streams  in  Cuba.  After  seriously  con- 
sidering the  antenable  hypothesis  of  the  origin  of  the  basin  as  due 
to  solution,  I  found  that  the  explanation  of  the  basin  with  modern 
insignificant  outlet  was  due  to  recent  dislocation,  as  was  shown  in 
the  fault  exposed  in  the  longitudinal  section  of  the  canon.     The 


Fig.  2.  Longitudinal  section  through  the  canon  of  the  Ynmuri,  at  right  aujcrles 
to  the  strike  ;  S,  sea-level ;  C,  raised  coral-reefs ;  M,  Matanzas  limestones  ; 
B,  slight  unconformity  between  Miocene  limestones  and  Miocene  sands ;  D,  base 
of  Miocene ;  A,  unaulations  in  Eocene  limestones  ;  F,  fault  whose  dip  is 
60°,  general  dip  of  strata  varies  from  20*^  to  30°. 

Matanzas  limestones  have  a  thickness  of  about  150  feet;  the 
Miocene  790  feet;  and  the  Eocene  above  the  fault  760  feet,  but 
after  making  allowance  for  the  dislocation  along  the  fault,  the  total 
thickness  of  the  Eocene  may  retvch  to  1200  or  1500  feet  in  the 
section  along  the  side  of  the  valley  beyond  the  limit  of  Figure  2. 
The  vertical  elevation  produced  by  the  fault  varies  from  250  to 
nearly  400  feet,  as  showu  in  Figure  3.  The  valley  hnd  formerly 
extended  in  two  lobes  round  an  island  to  the  Matanzas  Bay,  but 
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Fio.  3.  Section  across  the  end  of  Yumuri  Valley  (same  as  section  A  B,  Fig.  1). 
Broken  shading  represents  the  barrier  raised  in  front  of  the  valley ;  A  and  B, 
the  former  extensions  of  the  two  lobes  of  the  valley ;  and  C,  the  site  of  the 
eanwi.  The  broken  shaded  section  is  about  thre^  miles  long,  and  the  maximum 
height  about  450  feet. 

with  the  elevation  of  the  ridge  to  the  named  height  the  basin  was 
produced,  llie  plaiu  of  uplift  has  been  preserved  and  exposed  in 
the  fault,  shown  at  the  inner  end  of  the  canon,  or  on  the  side  of  the 
barrier-ridge  facing  the  basin.  The  plain  of  the  fault  dips  60^  with 
the  adjstcent  strata  crushed,  the  only  structure  of  the  kind  seen  in 
the  whole  section. 

The  discovery  of  the  fault  settled  the  origin  of  the  basin,  and  the 
occurrence  of  late  Pliocene  beds  in  the  uplifted  mass  brings  down 
the  date  of  the  dislocation,  after  the  erosion  of  the  valley,  into  the 
later  part  of  the  Pleistocene  period,  or  later,  as  would  be  suggested 
by  the  newness  of  the  walls  of  the  canon. 

After  the  earlier  Pliocene  elevation,  there  was  a  subsidence 
somewhat  below  the  present  altitude  of  the  land,  when  the  Zapata 
(mid-Pleistocene)  formation  was  deposited.^  At  other  places  in 
Cuba  these  accumulations  obstructed  the  drainage  of  the  earlier 
Pleistocene  valleys,  and  caused  streams  to  cut  across  the  last  made 

^  This  formation  was  described  at  the  same  time  as  the  Matanzas. 
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limestonm,  as  the  land  rose  from  the  Zapata  aabeideneey  although 
it  has  subseqaently  heen  alightly  depreased  again.  Theae  eaioti 
are  all  alike,  and  date  only  fxom  the  elevation  following  the  mid- 
Pleistooene  deposita  oonetitating  the  Zq[»ata  and  graTela,  and  peifatps 
marls,  of  about  the  same  date  as  the  Golnmbia  formation  of  the 
American  coastal  plain.^ 

There  are  other  basins  in  Cuba  where  snbterranean  paasages  osny 
off  the  drainage,  and  those  amongst  the  mountains  are  more  striking 
than  the  nnmerons  lime^sinks  of  Florida.  But  the  Yumnri  bssiii 
would  have  defied  explanation  had  its  outlet  followed  some  other 
course  than  across  the  faulted  ridge  (which  had  barred  the  ancient 
drainage),  and  not  exposed  the  dislocation.  Some  of  the  harbouis 
along  the  extended  coast  may  be  found  to  be  of  the  same  origin  as 
the  Yumuri  basin,  and  some  of  the  valleys,  snob  aa  that  of  Trinidsd 
on  the  southern  side  of  the  island,  have  been  more  or  leaa  a&oted  by 
late  faulting. 

YII. — A  BcPLT  TO  Sib  H.  Howobth's  Papkb  on  ''Bscsrt  Chakois 

or  LxvKL." 

Bj  Mabk  Stoaup,  F.O.S. 

IN  a  paper  published  in  the  Gsolooioal  IfAOAnHB,  September, 
1894,  Sir  Henry  Howorih  expatiates  on  recent  changes  of  the 
relative  level  of  land*  and  sea  in  support  of  his  views  on  the 
Mammoth  age  and  his  diluvial  catastrophe,  in  which  there  seems 
to  me  some  very  extraordinary  confusion  in  the  matter  of  geological 
cbronology  and  sequence  of  events.  The  first  paragraph  reads  as 
follows: — ''In  some  recent  papers  published  in  the  Gkologigal 
Magazine,  I  have  endeavoured  to  show  that  at  the  cZose  of  the 
Mammoth  age  there  was  a  very  considerable  dislocation  of  the 
Earth's  crust,  aud  that  a  consequence  of  it  was  the  upheaval  of 
some  of  the  highest  masses  of  land  on  the  earth,  including  the 
massive  mountains  of  Asia  and  the  American  Cordillera.  I  now 
propose  to  show  that  (as  is  a  priori  probable)  there  was  a  con- 
current collapne  or  sinking  of  the  ground  over  large  areas,  which, 
as  in  the  corresponding  upheaval,  was  very  rapid,  if  not  sudden^ 
(the  italics  are  mine).  The  suggested  relationship  of  these  various 
events  aud  their  alleged  catastrophic  character,  induces  me  to  again 
enter  this  ever-expanding  field  of  controversy. 

In  support  of  his  thesis  Sir  Henry  first  refers  to  the  subsidences 
which  resulted  in  the  separation  of  England  from  the  Continent, 
and  consequent  extinction  of  the  Mammoth. 

Assuming  that  the  course  of  things  was  as  stated,  when  it  is 
further  suggested  that  this  event  was  contemparaneoua  with  great 
dislocation  of  the  Earth's  crust,  resulting  in  stupendous  upheavals  of 
mountain  ranges  in  Asia  and  America,  he  attempts  more  than  can 
well  be  proved.  Sir  Henry  proceeds,  in  the  development  of  his  ai^u- 
ment,  to  the  evidence  offered  by  the  remains  of  submerged  forests 
which  exist  at  various  points  around  our  coasts,  and  attributes  their 

1  The  Lafayette  Formation,  by  W.  J.  McGee,  12th  Beport  U.S.  OeoL  Surrey. 
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occurrence  to  a  widesp  red  submergence,  which  extended  to  con- 
tinental shores.  He  assigns  the  date  of  this  event  to  a  time 
immediately  after  the  destruction  of  the  Mammoth. 

The  evidence,  I  take  it,  of  these  submerged  forests  is  far  from 
corresponding  with  the  interpretation  thus  given ;  for  not  only  are 
they  of  different  ages,  but,  instead  of  supporting  any  argument  for 
a  sudden  or  rapid  sinking  of  the  land,  they  seem  clearly  to  indicate  a 
progressive  subsidence,  marked  by  the  distinct  beds  of  peat,  clay,  sand, 
or  gravel  by  which  they  are  often  accompanied.  The  changes  of 
the  level  of  the  land  which  these  submarine  forests  indicate  no  one 
would  attempt  to  dispute;  but  to  affirm  their  contemporaneous 
growth,  or  attempt  to  synchronize  them  with  the  end  of  the  Mam- 
moth period  for  the  purpose  of  sustaining  some  fancied  theory,  is 
scarcely  permissible  or  scientific. 

That  the  peat  and  forest  beds  took  a  long  time  for  their  accumula- 
tion and  growth  might  be  proved  from  many  of  the  instances  cited 
by  Sir  Henry,  having  regard  to  the  thickness  of  the  deposits  and  the 
character  of  the  plant  remains,  which,  in  some  instances,  indicate 
climatic  changes  of  considerable  duration. 

That  some  of  these  sunken  forests  are  of  an  age  far  more  recent 
than  that  of  the  Mammoth,  is  shown  by  the  prehistoric  and  Roman 
remains  that  have  been  occasionally  extracted  from  them. 

The  difficulty  attending  the  examination  of  submerged  forests 
prevents  researches  which  might  prove  of  great  interest  with  regard 
to  their  history,  therefore  those  claim  special  attention  which  have 
been  exposed  to  the  light  of  day,  such  as  those  due  to  the  dock 
excavations  at  Hull  and  Grimsby.  A  concise  account  of  the  sections 
is  given  in  the  memoir  of  the  Geology  of  Holdemess,  by  Mr. 
Clement  Reid.  Dr.  Foster,  writes  Mr.  Reid,  thus  describes  the  beds 
exposed  in  the  Albert  Docks  at  Hull : — *'  In  the  cuttings  at  the  east 
end  the  upper  stratum  is  silt,  ....  and  immediately  under  the  silt, 
the  trunks,  roots,  and  branches  of  Oak  trees,  together  with  a  peat 
soil  of  two  feet  in  thickness,  beneath  that  a  strong  clay  soil,  and 
under  this  an  extensive  bed  of  blue  sand,  etc." 

''At  a  depth  of  40  feet  below  the  level  of  the  adjoining  land,  trees 
(chiefly  Oak)  are  found  in  all  positions;  those  which  are  upright 
and  still  in  situ  having  been  broken  off  within  three  feet  of  the  roots. 
One  Oak  tree,  of  noble  dimensions,  is  perfectly  straight,  its  trunk 
being  45  feet  long,  and  in  the  thickest  part  measuring  12^  feet  in 
circumference ;   it  is  tolerably  sound,  but  blackened  in  colour.'* 

*'  The  trees  ....  would  require  at  least  800  years  to  attain  the 
dimensions  given." 

A  section  taken  during  the  excavation  for  the  Alexandra  Docks, 
two  miles  lower  down  the  Humber,  exposes  the  ''Submerged 
Forest"  at  upwards  of  20  feet  below  the  level  of  mean  tide. 
Messrs.  Wood  and  Rome  (Quart.  Joum.  Geol.  Soc.  vol.  xxiv.  p.  146) 
state  that  "the  borings  at  Grimsby  Docks  disclosed  the  forest-bed 
at  still  gi*eater  depths  than  at  Hull,  varying  at  from  35  to  52  feet 
below  high  water  ....  In  some  parts  thei*e  were  two  forest  surfaces, 
divided  by  a  bed  of  leafy  clay  from  5  to  15  feet  thick." 
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Examples,  sunh  as  those  that  I  have  oited^  might  readily  be  dnwn 
from  other  looalities,  showing  periods  of  repose  and  gradual  growth 
rather  than  a  sudden  or  rapid  sinking  of  the  land ;  and  proving  tlie 
ntter  fallacy  of  the  doctrine  which  these  snnken  forests  are  presamed 
to  support, — of  a  sudden  or  rapid  sinking  of  the  groond  at  that 
Tague  and  mysterious  date,  the  close  of  the  Mammoth  period. 

After  a  quest  over  Europe  and  Asia  in  searoh  of  evidence  for 
great  uplifts  of  land  and  their  ooroplementaiy  depressions.  Sir  Heniy 
turns  his  attention  to  America,  and  in  the  ancient  channels,  now 
submerged  beneath  the  sea,  of  rivers  like  the  Mississippi,  the 
Hudson,  and  the  St  Lawrence,  he  finds  so-called  examples  of  the 
great  catastrophe  for  which  he  is  pleading. 

He  quotes  extracts  from  pspers  by  Professor  J.  W.  Spencer  sod 
other  well-known  American  geologists  with  regard  to  stupendosi 
oontinental  elevations  and  great  subsidences.  These  enormooi 
changes  of  level  are  facts  well  recognised  by  geologists;  but  the 
point  is — ^Do  any  of  the  writers  whose  views  are  cited  dum  thoM 
earth  movements  to  have  taken  place  at  the  special  geolc^cal  period 
required  by  Sir  Henry's  postulate,  or  do  they  even  assert  those 
changes  of  level  to  have  been  either  sudden  or  oatastrophia 

The  authors  quoted  would,  I  believe,  be  the  first  to  repudiate  the 
extraordinary  inferences  which  Sir  Henry  seeks  to  draw  from  the 
facts.  For  instance,  I  will  take  the  paragraph  in  which  Sir  Heniy 
Howorth  cites  Prof.  Spencer*s  remarks  on  the  Bubmei|i^  valleji 
of  the  Mississippi  and  the  St  Lawrence.  Prof.  Spencer  says,  ia 
reference  to  the  Mississippi : — "  This  valley  is  now  submerged  to  a 
depth  of  over  3000  feet  and  is  the  representative  of  the  channel  of 
the  ancient  Mississippi  river,  towards  which  it  heads." 

This  quotation,  and  others  of  like  character,  are  brought  forward 
by  Sir  Henry  as  supporting  his  argument  of  a  sudden  and  cata- 
clysmic subsidence.  Bearing  this  in  mind,  remark  what  Professor 
Spencer  says  in  relation  to  this  same  submergence,  quoted  from  the 
same  paper  as  that  from  which  Sir  Henry  has  drawn  his  facts. 
"The  length  of  time  required  to  excavate  the  channels  of  these 
great  rivers  commenceil  as  far  back  as  the  Palaozoie  days.  How- 
ever, the  culminati(m  of  that  of  the  Mississippi  was  not  until  in  the 
later  Tertiary,  before  the  Pleistocene  period.  As  the  St  Lawrence, 
now  submerged  to  a  depth  of  over  1200  feet  for  a  distance  of  800 
miles,  is  mostly  cut  out  of  rocks  of  the  Palsdozoic  group,  except 
a  belt  of  the  Triassic,  its  antiquity  must  be  very  great  The 
culmination  was  also  probably  in  the  later  Tertiary  era,  like  that  of 
the  Mississippi,  and  the  channels  on  the  Californian  coast,  for  there 
are  submerged  Tertiary  rocks  off  the  coasts  of  Massachusetts  aiid 
Newfoundland  at  elevations  much  higher  than  the  beds  of  the  old 
channels."  Prof.  Spencer,  moreover,  does  not  argue  that  these  sub- 
merged valleys  or  depressions  in  the  Earth's  surface  are  wholly  due 
to  terrestrial  crust  movements,  but  that  they  one  and  all  have  been 
made  by  the  long-oontinued  excavating  power  of  rivers  and  streams. 

Such  is  the  testimony  of  Prof.  Spencer  on  these  submerged 
valleys  or  fjords,  which  is  distinctly  opposed  to  Sir  Henry's  inter- 
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pretation  of  the  history  of  these  phenomena  as  sudden  and  cata- 
clysmic. Sir  Henry  goes  on  to  produce  evidence  of  his  postulated 
concurrent  elevations  of  mountain  chains,  which,  as  he  says,  were 
very  rapidly,  if  not  suddenly,  elevated  at  the  same  period,  viz.  the 
close  of  the  Mammoth  age. 

Again,  he  observes : — '*  Just  as  I  ventured  to  argne  that  the  upheaval 
of  the  Ural  Mountains,  of  the  Altai,  and  of  the  American  Cordillera 
was  rapid,  if  not  sudden,  and  marked  by  every  sign  of  cataclysmic 
change,  so  also  do  I  hold  the  corresponding  subsidences  to  have 
been  rapid,  if  not  sudden."  No  ambiguity  of  expression  here ;  Sir 
Henry  seems  to  outdo  his  "old  masters"  in  his  appeal  to  catas- 
trophism  to  explain  his  difficulties.  He,  however,  naively  says, 
"Evidence  on  such  a  point  is  not  always  easy  to  find";  just  so, 
because  the  facts  are  all  the  other  way.  Mountain  ranges  were  not 
formed  in  a  day,  but  are  the  result  of  long-continued  upward  move- 
ments, of  periods  of  repose,  and  also  of  depression. 

It  may  be  asked,  what  would  be  the  effect  of  such  sudden  and 
violent  terrestrial  disturbances  on  the  organic  life  of  the  globe? 
Undoubtedly  great  climatic  changes  would  be  induced,  unfavourable 
and  destructive  to  any  unfortunate  animal  or  plant  that  might  be 
then  existing ;  as  no  time  would  be  given  to  the  organism  to  adapt 
itself  to  its  altered  environment.  Where  are  the  signs  and  evidences 
of  such  destruction  of  life  ? 

But  to  return  to  our  mountain-uplifts — the  very  structure  of 
mountain  ranges,  their  various  strata  of  different  geological  ages, 
their  successive  lines  of  cliff  and  other  evidences  of  long  erosion,  all 
requiring  time  for  their  production,  prove  that  their  movements,  as 
with  subsidences,  have,  as  a  rule,  been  very  slow  and  intermittent. 

There  was  undoubtedly  a  very  pronounced  upward  movement  of  a 
large  area  of  North  America  at  the  close  of  the  Tertiary  period,  to 
which  American  Geologists,  with  great  show  of  probability,  ascribe 
that  severe  climatic  change  which  resulted  in  what  is  known  as  the 
"Glacial  age";  but,  if  this  continental  uplift  be  the  cause  of  the 
Glacial  age,  it  does  not  square  with  Sir  Henry *s  postulate  as  to  the 
geological  date  of  the  changes  6f  level  which  resulted,  as  Sir  Henry 
assumes,  in  the  destruction  of  the  Mammoth  at  the  close  of  that 
period. 

It  will  be  needless,  I  think,  to  pursue  this  subject  farther,  or  to 
attempt  to  lighten  "  the  burden  of  the  parable  which  Sir  Henry  has 
been  trying  to  preach"  (I  would  rather  say  paradox).  His  recent 
pleadings  in  favour  of  his  pet  postulate  of  the  "  Mammoth  and  the 
Flood  "  appear  to  me  as  unreliable  and  unconvincing  as  those  of 
his  many  previous  contributions  to  the  pages  of  the  Geological 
Magazine  on  the  same  subject 

VIII. — Problems  connected  with  a  Cooling  Earth. 

By  Abthur  Vauohan,  B.A.,  B.Sc. 

IN  the  Geological  Magazine  for  June  and  July  of  this  year, 
I  stated  a  new  theory  to  account  for  the  inequalities  of  the 
earth's  surface,  and,  at  the  same  time,  offered  a  criticism  of  Mr. 
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Beade*8  theory,  as  epitomised  by  him  in  the  Hay  Nnmher  tit  fta 
tame  Journal.  In  a  short  reply,  contributed  by  Mr.  Beade  to  the 
September  Number,  he  shows  so  dearly  that  he  has  totally  mii- 
nnderstood  the  physical  reasoning  upon  which  my  theory  is  based, 
that  some  rejoinder  is  absolutely  demanded. 

In  criticising  my  theory,  he  asks :  "  How  then  ooald  the  nnder- 
layers,  by  shrinking,  exert  such  a  huge  pressure  on  the  interior  as 
to  actually  comprtu  the  maUriaU  of  ike  earih  imio  a  twuilUr  MfasM?" 
and,  a  few  lines  further  on,  he  proposes  that  we  ahonld  ''  work  out 
ike  deereoBe  of  eo/aiM  whioli  would  result  from  a  giTen  contzaotioa 
of  a  shell  of  steel,  30  miles  thick,  acting  on  a  sphere  of  the  siae  and 
composition  of  our  earth." 

Did  I  rely  upon  actual  decrease  of  volume  doe  to  pressure,  my 
theory  would,  of  course,  be  abaurdly  untenable ;  but  my  reasoning 
is  based  upon  the  traH$ferenee  of  material  from  beneath  a  surface  of 
great  pressure  to  below  a  surface  upon  which  the  preaaure  is  mink 
less.  This  I  have  so  frequently  reiterated  in  my  paper  that  I  oonld 
quote  from  almost  any  page ;  perhaps  the  following  extract  takes 
from  my  first  paper,  will  suffice :  "  llie  underlying  material  will  be^ 
BO  to  speak,  squeesed  out,  and  this  will  cause  a  real  transfer  from 
under  the  sinking  area  to  beneath  the  surrounding  regions." 

To  my  criticism  of  his  own  theory  Mr.  Beade  has  not  replied,  but 
he  has,  however,  objected  to  my  attempt  to  show  that  the  reasoning 
he  employs  is  hardly  sufficient  to  disprove  the  old  oontrsction 
theory.  Mr.  Beade  tdces  exception  to  a  calculation,  based  npon  hii 
own  figures,  as  to  the  elevation  which  could  be  produced  from  an 
outer  shell  too  large,  by  a  certain  amount,  for  the  interior  spbere. 
I  took  a  special  case,  and  supposed  the  outer  shell  to  be  drawn  out 
over  the  interior  sphere,  somewhat  in  the  shape  of  a  balloon,  so  as 
to  produce  over  a  certain  large  area  a  vast  hollow  cone-shaped 
elevation.  I  cannot  understand  how  the  very  simple  calculation 
necessary  can  be  called  iu  question,  and  I  can  only  suppose  that 
Mr.  Beade  has  assumed  that  any  elevation  must  be  solid.  If,  how* 
ever,  we  accept  the  theory  of  elevation  by  the  folding  due  to  lateral 
pressure,  it  is  very  difficult  to  see  bow  all  vacuities  could  be  avoided, 
and  yet  the  known  dips  of  anticlines  produced.  It  is,  consequently, 
necessary  in  considering  any  elevation,  which  is  not  actually  a 
maximum,  to  assume  that  elevation  to  be  hollow. 

The  last  point  raised  by  Mr.  Keade  is  one  of  much  greater 
interest,  and  it  directly  introduces  the  main  object  of  this  paper. 
Stated  iu  its  simplest  form,  the  physical  problem  is : — What  would 
be  the  behaviour  of  a  contracting  shell  closely  fitted  round  a  sphere 
unalterable  in  volume  ?  (This  is,  in  reality,  the  same  as  supposing 
such  a  shell  to  surround  a  less  rapidly  contracting  interior.)  Here 
we  can  easily  distinguish  two  cases. 

First,  the  shell  may  be  contracting  unequally  at  pointe  whose 
distence  from  the  centre  is  the  same.  This  is  the  actual  problem 
in  the  case  of  the  earth,  as  I  have  shown  in  a  former  paper ;  and 
the  results  I  believe  to  follow  may  be  briefly  recapitulated. 

Any  contracting  area  must  attempt  to  become  smaller,  and  this 
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ebject  could  be  attained  in  two  ways ;  either  by  splitting,  that  is, 
by  overooming  the  foroes  of  cohesion  between  separate  particles,  or 
by  moving  bodily  inwards,  so  as  to  become  flatter  and  therefore 
smaller.  The  resistance  to  this  last-named  effect  will  arise  from 
the  pressure  of  the  interior  sphere,  and  in  the  case  we  are  consider- 
ingy  of  an  unequally  contracting  shell,  the  effect  will  be  to  subject 
the  interior  sphere  to  pressure  at  all  points,  but  to  much  greater 
pressure  under  the  more  rapidly  contracting  areas  than  under  those 
whoee  contraction  is  less.  The  result  seems  clear,  that  the  interior 
sphere  will  become  deformed  ;  material  being  transferred  from  under 
the  areas  of  great  pressure  to  beneath  those  of  less,  with  the  after 
effects  I  have  stated  in  a  former  paper.  The  mechanism  by  which 
the  solid  interior  sphere  would  thus  become  deformed  can  be  illus- 
trated by  the  consideration  of  two  layers  of  closely  touching 
spherical  balls.  If  we  suppose  pressure  to  be  applied  over  any 
area  of  the  upper  layer,  the  lower  layer  of  balls  beneath  that  area 
wUl  be  pushed  asunder,  and  those  which  lie  on  the  borders  of  the 
area  of  pressure  will  wedge  themselves  between  the  layers  of  balls 
surrounding  the  area,  and  thus  produce  a  vertical  elevation  around 
the  area  of  pressure. 

Secondly,  suppose  an  ideal  case,  that  the  shell  contracts  equally 
at  all  points  equally  distant  from  the  centre.  It  follows  that  the 
pressure  exerted  upon  the  interior  sphere  will  now  be  the  same 
at  all  points  of  its  surface,  and,  consequently,  no  transfer  of  material 
from  areas  of  high  to  areas  of  low  pressure  can  take  place.  The 
only  relief  to  the  forces  of  contraction  can  now  be  found  in  rupture 
or  deformation. 

Either  of  two  effects  may  ensue.  In  the  first  place,  the  shell 
may,  in  contracting,  split  and  each  separate  portion  then  contract 
normally,  so  that  its  contraction  in  any  direction  is  linear.  It  is  to 
be  remarked  that  any  want  of  homogeneity,  or,  in  other  words,  any 
slight  differences  in  contractibility,  which  may  exist  among  the 
materials  of  which  the  shell  is  made,  will  aid  in  producing  this 
effect.  Secondly,  the  shell  may  stretch  without  splitting.  This 
is  a  case  of  great  interest  as  being  the  one  usually  assumed  in 
problems  dealing  with  the  contraction  of  the  earth's  crust. 

This  assumption  amounts  to  supposing  any  shell  to  contract  by 
splitting,  and  then  the  separate  portions  to  be  pressed  together 
again  by  the  pressure  of  the  overlying  mass ;  much  as  if  a  very 
heavy  roller  had  been  pushed  over  their  surface. 

Now  this  second  process  will  obviously  evolve  heat  by  the  mutual 
rubbing  of  particle  over  particle;  so  that  each  shell  must  be  re- 
garded as  an  origin  of  heat,  of  which  no  account  is  taken  in  using 
the  ordinary  differential  equation  of  conduction.  The  general  effect 
will  be  to  increase  the  time  from  first  consolidation. 

For,  let  us  suppose  the  two  processes  to  take  place  perfectly 
independently.  First,  let  us  suppose  the  shells  to  contract  by 
splitting,  so  that  no  portiim  is  in  any  way  deformed,  but  decreases 
in  volume,  always  remaining  similar  to  itself.  If,  then,  we  further 
assume  the  conduction  of  heat  to  be  unaffected  by  the  vacuities  so 
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formed,  that  is  to  Bay,  if  we  Boppoee  the  heat  to  be  uaifbrmlj  odb- 
ducted  through  the  mast,  and  not  to  flow  mainly  along  the  aepantioa 
•urfaoea  (as  is  the  case  in  the  flow  of  electrioitj  through  a  solid 
cylinder),  we  shall  have  the  oonditions  whioh  aro  assumed  in  tha 
equation  employed  for  solution. 

Now  let  us  imagine  all  the  separate  pieces  of  each  shell  rolled 
together;  the  further  any  shell  is  from  the  centre  the  greater  will 
he  the  volume  per  unit  area  to  be  fllled  up,  and,  consequently,  the 
greater  the  amount  of  heat  evolved  by  viscous  friction.  Henos  the 
difference  between  the  temperatures  of  two  consecutive  shdls,  it 
any  time,  will  be,  in  reality,  less  than  that,  liad  the  first  prooea 
alone  oome  into  play.  Thus  it  would  really  teke  longer  to  estsblish 
any  given  temperature  gradient ;  whioh  amounts  to  saying  that  the 
time  from  consolidation  would  be  increased.  To  make  allowanos  for 
this  new  &ctor  we  should  require  some  data  as  to  the  heat  evol?ed 
by  viscous  friction  in  the  rolling  out  of  sheets  of  rock  materiaL 

Tims  ntoM  Consolidation. 

Since  physicists  and  geologists  differ  considerably  in  the  number 
of  years  which  they  would  allow. for  the  world's  age,  it  is  a  matter 
of  great  interest  to  see  whether  the  numerical  results  arrived  at  by 
physicists  should  not  be  considerably  increased. 

I  need  scarcely  remark  that,  in  what  follows,  I  am  in  no  way 
concerned  with  Uie  effect  which  any  of  the  alterations  suggeated 
below  may  have  upon  the  position  of  the  theoretical  level  of  no- 
strain;  for  I  have  already  expressed  my  belief  that  the  roain 
elevations  and  depressions  of  the  earth's  surface  have  been  caused 
by  differential  contraction. 

In  the  determination  of  the  time  from  first  solidifioation,  heat  is 
supposed  lost  solely  by  conduction  from  within  outwards,  and  no 
mechanical  deformation  or  change  of  physical  state  is  accounted  for. 
Now,  as  I  have  shown  above,  heat  must  be  generated  in  that  settling 
together,  which  is  considered  to  be  the  probable  outcome  of  con- 
traction, and  this  extra  heat  will,  as  I  have  shown,  tend  to  increase 
the  time  from  consolidation.  So  far  there  is  a  correction  to  be 
applied  on  account  of  the  insufficiency  of  the  equation  employed  to 
express  all  that  actually  takes  place,  for  this  equation  takes  account 
only  of  heat  actually  conducted  from  point  to  point,  and  does  not 
recognise  any  heat  originated  within  the  cooling  mass. 

Again,  the  final  result  arrived  at  is,  that  the  time  varies  as  the 
square  of  the  temperature  of  solidification  directly,  and  as  the  co- 
efficient of  thermometric  conductivity  invereely.  The  temperature 
of  solidification  is  assumed  as  7000^  F.,  and  the  ooefficient  of  con- 
ductivity as  400.  Both  these  quantities  are  supposed  constant 
throughout  the  mass  considered,  and  hence  must  be  taken  to  have 
their  average  values  throughout  that  mass. 

But  when  the  Earth  was  molten,  the  pressure  at  any  point  within 
a  few  hundred  miles  of  the  surface,  was  practically  that  due  to 
the  weight  of  the  overlying  mass ;  hence  it  follows  that  the  molten 
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look  would  solidify  at  a  very  much  higher  temperature  than  at  the 
Burface.  The  average  value  assumed  must  represent  the  temperature 
at  a  great  depth ;  in  fact,  the  constant  multiplier  of  the  integral, 
which  occurs  in  the  equation  connecting  temperature,  depth,  and  time, 
is  found  by  assuming  that  the  temperature  of  solidification  is  the 
average  value  which  it  has  at  a  very  great  depth.  It  is,  then,  quite 
beside  the  question  to  employ  the  temperature  of  solidification  of 
slag  or  other  molten  rock  at  the  surface,  for  we  really  require  to 
know  at  what  temperature  the  rock  would  solidify  under  a  pressure 
of,  say,  a  hundred  miles  of  rock.  At  the  surface  molten  slag 
solidifies  at  about  3000^  F. ;  it  seems  then,  that  the  assumption  of 
7000°  F.  for  use  in  the  problem  under  consideration,  leans  very 
much  on  the  side  of  under-estimation. 

Again,  the  conductivity  or,  in  other  words,  the  number  which 
represents  the  amount  of  heat  which  escapes  through  a  given  thick- 
ness of  rock  in  a  given  time  is  assumed  as  400°,  a  number  obtained 
by  experiments  on  rocks  at  the  surface.  But  the  greater  the 
temperature,  the  greater  must  be  the  instability  of  the  mean  centre 
of  oscillation  for  each  molecule,  and  this  instability  must  increase 
until  the  fusion  point  is  reached,  when  the  molecules  have  free 
motion  over  each  other.  Hence,  the  hotter  the  rock,  the  more  heat 
will  be  absorbed  in  molecular  action,  and,  consequently,  the  less 
will  be  the  heat  conducted  through  in  any  given  time ;  or,  in  other 
words,  it  seems  probable  that  the  conductivity  must  diminish  as  we 
reach  a  greater  depth  beneath  the  surface.  It  follows,  that  the  average 
value  of  the  conductivity  must  be  much  less  than  its  surface  value. 
But  any  decrease  in  this  value  increases  the  time  in  the  same  ratio. 
A  further  cause  acting  in  the  direction  of  increasing  the  time  has 
already  been  pointed  out,  though  probably  of  no  great  weight  and 
not  worthy  of  consideration,  beside  the  corrections  suggested  above. 
This  consists  in  the  conduction  being  diminished  when  heat  has  to 
traverse  rocks  stratified  or  laminated  transversely  to  the  flow  of 
heat.  Since  the  rocks  near  the  surface  have  their  separation  planes, 
as  a  general  rule,  inclined  at  a  low  angle,  the  stratified  rocks  of  the 
crust  must  conserve  the  heat  passing  through  by  conduction ;  though 
this  will  be,  to  a  small  extent,  counteracted  by  the  existence  of 
vertical  joints  which  allow  a  more  rapid  loss  by  a  kind  of  surface 
creep. 

In  fine,  the  geologist  and  biologist  have  a  right  to  demand  of 
the  physicist  first,  that  all  losses  of  heat,  other  than  those  considered 
in  his  calculations,  should  be  shown  to  have  a  negligible  effect  on 
the  result ;  and,  secondly,  that  the  numerical  data  he  assumes 
should  be  at  least  greater  than  the  probability,  not  less.  Eesults 
obtained  by  the  substitution  of  values,  formed  on  considerations  of 
phenomena  taking  place  under  atmospheric  pressure,  and,  as  in  the 
case  of  the  determination  of  conductivity,  at  low  temperatures, 
can  lead  to  nothing  but  misconception.  There  seems  no  reason 
why  the  estimate  of  100  million  years  should  not  be  increased  to 
1000  million,  which  would  almost  allow  as  much  time  as  the 
evolutionist  desires. 
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THE    PbAK8TOHB8    BoOK,    AlTOH,    STAFFOBIMBimB.      By    W.   W. 

Watts,  M.A.,  F.QJS. 

PROFESSOR  F.  CLOWES'  bas  deMribed  a  Modsloiie  firom  Uw 
Himlaok  Stone,  near  Nottingliam,  in  which  the  giains  wot 
oemented  with  oryBtalline  barytes,  the  amount  of  this  materiil' 
Tarying  from  28  to  50  per  oent  in  different  specimens.  This  rook 
oocarred  at  the  base  of  the  Kenper  sandstone  of  that  locality.  A 
somewhat  similar  rock,  oooanring  at  about  the  same  horiion,  is 
described  by  Mr.  A.  Strahan,*  from  Beeston  Castle  in  Cheshire,  and 
the  same  author  refers  to  the  frequent  ooourrence  of  baiytes  in  the 
iKeuper  breccias. 

Bearing  these  facts  in  mind,  the  writer  visited  a  canons  isolated 
stack  of  rock,  called  the  "  Feakstones  Rock,"  near  the  village  of 
Alton  in  Staffordshire,  which  is  figured  in  Professor  Hull's  Memoir 
on  *'  The  Triassic  and  Permian  Rocks  of  the  Midland  Counties  of 
England."  This  stack  is  made  of  the  Lower  beds  of  Keuper  sand- 
stone, but  its  outer  portion  has  lost  whatever  cement  it  may  onoe 
have  contained.  It  is,  however,  situated  at  the  end  of  a  spur  whiok 
projecto  into  a  valley,  and  exposes  a  good  deal  of  bare  rock.  This 
rook  contains  what  at  first  look  like  several  veins  of  barytes  two 
or  three  inches  thiok,  striking  along  the  spur  and  straight  throogh 
the  place  occupied  by  the  Peakstones  Rock.  On  examination  of 
specimens  the  veins  are  seen  to  be  planes  in  the  sandstone  oemented 
by  barytes.  The  specific  gravity  of  the  rock  is  3*09,  and,  as  the 
grains  are  chiefly  subangular  fragmente  of  quartz  and  felspar,  it 
must  contein  about  28  per  oent  of  barytes.  This  almost  insoluble 
cement  lias  undoubtedly  given  rise  to  the  spur  above  alluded  to,  and 
almost  as  certainly  has  caused  the  survival  of  the  Peakstones  RocL 
This  is,  however,  so  muoh  exposed  to  the  weather  on  all  sides,  and 
both  to  mechanical  and  chemical  disintegration,  that  if  any  cement 
is  still  left  it  must  be  in  the  inner  part  of  the  mass,  which  cannot  be 
reached  by  ordinary  means.  Another  specimen  from  west  of  Kent 
Green,  near  Congletcn,  containing  barytes,  and  with  a  structure  very 
like  that  described  by  Mr.  Strahan,  was  also  referred  to. 


II. — Sporadic  Glaoiation  in  the  Hablrou  Mountains.    By  the 

Rev.  J.  F.  Blakb,  M.A.,  F.G.S. 

THE  author  drew  a  distinction  between  two  resulte  of  glaciation— 
the  one,  negative,  in  which  the  rocks  are  rounded  and  striated, 
and  all  or  nearly  all  the  debris  removed  ;  the  other,  positive,  in 
which   the   rocks  are  covered   by   a  thick   deposit   of  drift  with 

>  Rep.  Brit.  Assoc.  1885,  p.  1038 ;  1889,  p.  694 ;  1893,  p.  732 ;  and  Proc.  Eoy. 
Boc.  vol.  xh-i.  pp.  363-369. 
'  Mem.  Geol.  Surrey.    Exp.  Quarter  Sheet,  80,  S.W.  p.  7. 
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boulders.  In  the  Harleoh  Monntaius  district  areas  showing  these 
opposite  results  lie  side  by  side.  Most  of  the  glaciation  is  of  the 
negative  kind,  but  the  areas  drained  by  the  Crawewellt  and  the 
Ysgethin  are  covered  by  glacial  cones  of  dejection.  This  difference 
is  accounted  for  in  the  first  instance  by  the  local  drainage  being 
opposite  to  the  general  drainage,  and  in  the  second  by  the  small 
size  of  the  gathering  ground  for  the  ice.  From  these  results  it  was 
argued :  1.  That  drift  deposits  are,  as  a  rule,  left  beyond  the  area  of 
ice-flow.  2.  That  no  submergence  could  possibly  have  taken  place 
here  since  the  Glacial  period,  or  the  features  above  noted  would 
have  been  obliterated. 

IIL — On  the  Meohamios  of  an  Ioe-Sheet.^ By  the  Eev.  J.  P. 

Blake,  M.A.,  F.G.S. 

THE  author  attempted  to  explain  how  an  ice-sheet  can  carry 
boulders  up  a  slope,  and  leave  them  at  a  height  of  1,000  feet  or 
more  above  sea-level.  The  sides  of  the  channel  are,  in  the  first 
instance,  supposed  to  be  parallel,  so  that  the  mass  of  ice  may  be 
represented  in  a  diagram  by  its  longitudinal  section.  Taking,  for 
simplicity,  the  shape  of  the  surface  moved  over  to  be  represented  by 
two  straight  lines,  one  corresponding  to  the  slope  down  from  the 
mountains,  the  other  the  slope  up  from  the  sea-bottom  to  the  final 
destination  of  the  boulders,  and,  taking  the  surface  of  the  ice  as  flat, 
the  ice-sheet  is  represented  by  a  triangle.  This  is  supposed  to  settle 
down  in  such  a  way  that,  though  the  level  of  the  end  is  higher,  the 
centre  of  gravity  of  the  whole  is  lower.  This  fall  of  the  centre  of 
gravity  is  the  effective  cause  of  the  motion  of  the  ice-sheet,  the 
resistance  to  be  overcome  being  that  of  the  ice  to  change  its  shape. 
If  the  ice-sheet  be  supposed  divided  into  strips  parallel  to  the  slope 
from  the  mountains,  these  will  be  like  a  series  of  overlapping 
glaciers,  and  under  the  influence  of  the  pressure  will  swrell  out  at 
the  bottom,  and  thus  push  the  further  end  of  the  whole  mass  a  little 
way  up  the  counter-slope.  Continual  additions  of  snow  at  the  end 
where  the  ice-sheet  commences,  or  elsewhere  on  its  surface,  will  be 
cumulative  in  their  effects,  and  thus  the  further  end  of  the  ice-sheet 
will  ultimately  ascend  as  required.  Again  divide  the  triangle  into 
strips  by  lines  parallel  to  the  counter-slope.  The  lower  of  these 
strips  will  be  pressed  together,  and  any  point  on  the  base  will  be 
carried  on  in  the  direction  of  the  whole  motion  at  a  greater  rate  than 
the  higher  layers,  and  thus  the  stones,  etc.,  on  the  sea-bottom  will 
be  pushed  up  to  their  final  resting-place,  and  anomalies  of  distribu- 
tion might  thus  be  accounted  for  by  the  previous  dispersal  of  the 
boulders.  It  was  then  shown  that  differences  in  shape  of  the  ice- 
sheet  and  its  spreading  out  at  the  further  end  will  make  little 
difference  in  the  argument,  and  under  certain  conditions  will  aid  the 
motion. 

The  author  then  discussed  the  question  of  the  glacial  erosion  of 
lakelets,  and  indicated  the  conditions  under  which  this  is  possible, 
particularly  referring  to  the  difference  between  an  ice-sheet  such  as 
that  dealt  with  in  the  paper  and  an  ordinary  glacier. 
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IV. — On  the  Drpostt  of  Ikon  Ork  in  thb  Bobtno  at  Shakespeabi 
Cliff,  Dover.     By  Professor  Boyd-Dawkins,  F.R.S. 

THE  general  results  of  the  boring  at  Dover  were  laid  before  the 
British  Association  at  Cardiff  in  1892,  so  far  as  relates  to  the 
discovery  of  the  South-eastern  Coal-field.  In  the  present  com- 
munication  the  author  treats  of  a  bed  of  ironstone,  which  is  likely 
to  be  of  great  importance  in  the  new  industries  which  will  spring 
up  sooner  or  later  in  Kent  in  consequence  of  the  discovery  of  Coal 
in  workable  quantities. 

The  strata  penetrated  in  the  boring  are  as  follows : —  Feet. 

{Lower  Gray  Chfdk  and  Chalk  marl .        .  130 

Glauconitic  marl 8 

Gault 121 

/  Folkestone  Beds 64 

1  Sandgate  Beds 77 

1  Hnhe  Beds 87 

\  At'herfield  Claj-8 18 

/"Portlandian    .' 32 

Kimmeridgian 73 

Corallian 159 

Oxfordian\ 
Callovian  f    '        ' 
VBathonian      .... 

Coal-measures  with  twelve  seams  of  Coal  23  feet  5  inches  thick 


Upper  Crbtaceous 


Nbocomian 


Oolitic 


188 

156 
1068^ 


1 
2 
1 
2 
1 

12 
4 


The  ironstone  occurs  in  the  Kimmeridgian  part  of  the  section,  and 
as  shown  in  the  following  details  : — 

PoRTLANDiAN  Beds  : —  Feet 

Gray  marl  witli  oolitic  grains  of  ferric  oxide 2 

Hard  grav  limestone . 

Brown  calcareous  sandstone    ........ 

Gray  shelly  limestone  with  oolitic  grains  of  ferric  oxide   . 

Bark -gray  marl 

Hard  blue  limestone  with  LittoHna 

Brown  oolitic  ironstone  ....... 

Gray  limestone 

Dark  bituminous  clay 8 

Flajxgy  sandstone  ...........      2 

Gray  sandy  clay    ...........      4 

Arenaceous  limestone  with  Cidaris  .......      7 

Dark  bitumin(»u8  shale 27 

Gray  nodular  limestone  .........      2 

Coralline  Oolite  with  the  usual  fossils,  Pecien  vagans^  etc.         .         .         .27 

The  ironstone  presents  very  singular  physical  characters.  It  is 
composed  of  small  dark-brown  shining  grains  of  hydrated  oxide  of 
iron  like  millet  seed,  embedded  in  a  crystalline  base  partly  of 
calcium  carbonate,  and  partly  of  iron  carbonate.  These  grains  are 
oolitic  in  structure,  and  are  probably  the  result  of  the  same  chemical 
change  by  which  the  calcareous  beds  of  the  Inferior  Oolite  in 
Lincolnshire  have  been  converted  into  iron  ores.  They  occur, 
it  will  be  noted,  in  several  strata  above  the  main  bed,  12  feet  in 
thickness  in  the  above  section. 

This  bed  of  iron  ore  is  identical  with  that  described  by  Blake  and 
Hudleston  at  Abbotsbury  in  Dorset,  where  it  occurs  between  the 
Kimmeridge  clay  above  and  the  Corallian  rocks  below. 
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It  is  also  physically  identical  with  the  valuable  iron  ore  worked 
for  many  years  at  Westbnry  in  Wiltshire,  where  it  is  met  with  at 
I  lower  horizon,  being  there  separated  from  the  Corallian  limestones 
t>y  4  feet  of  marls  and  sands. 

This  stratum,  although  probably  of  purely  local  origin,  is  to  be 
ooked  for  in  the  beds  above  the  Corallian  throughout  the  whole  of 
Southern  England,  from  Dorset  eastwards.  Its  discovery  at  Dover 
is  only  second  in  importance  to  that  of  the  South-eastern  Coal- 
ield.  It  will  have  to  be  taken  into  account  in  the  future  develop- 
oaent  of  the  Coal-fields  in  Southern  England. 

V. — The  Volcanic  Phenomena  of  Vesuvius  and  its  Neigh- 
bourhood. Report  of  the  Committee,  oonsistino  of  Mr.  H. 
Bauerman,  Mr.  F.  W.  Budlee,  Mr.  J.  J.  H.  Teall,  and  Prof. 
H.  J.  Johnston-La  VIS.  (Drawn  up  by  Prof.  H.  J.  Johnston- 
La  vis.) 

SINCE  the  last  report  lava  has  continued  to  pour  forth  from  the 
top  of  the  new  lava-cone  in  the  Atrio  del  Cavallo,  sometimes 
in  small  quantities,  at  others  in  considerable  abundance.  On  no 
occasion,  however,  did  the  lava  issue  beyond  the  limits  that  it 
had  reached  in  the  years  1891-92.  In  fact,  the  whole  of  that 
eastern  part  of  the  Atrio  known  as  the  Val  d'lnfemo  has  not  been 
bvaded  at  all  by  the  new  lava  during  or  since  its  issue  in  the  spring 
of  1891.  The  consequence  of  this  has  been  that  it  has  continued  to 
pile  itself  up  around  the  line  of  fissure  by  which  it  issued,  and  still 
further  add  to  the  dimensions  of  the  great  lava-cone  that  it  had  built 
up  in  the  Atrio.  So  great  has  this  cone  become  that  it  constitutes 
%  prominent  feature  in  the  outline  of  the  volcano  as  seen  from 
Naples.  The  eminence  of  Somma  is  separated  from  Vesuvius  by 
the  depression  of  the  Atrio.  This  notch,  so  to  speak,  in  the  general 
outline  was  terminated  below  by  an  almost  horizontal  line,  which  is 
Qow  replaced  by  an  obtuse  cone,  so  that  many  people  speak  of  three 
summits  to  the  Vesuvian  volcano.  This  is  rather  an  exaggeration, 
for  although  the  new  lava-cone  is  of  very  considerable  dimensions, 
for  the  time  occupied  in  its  growth,  yet  it  cannot  compare  with 
that  of  the  cone  of  Vesuvius  on  one  side  or  the  ridge  of  Somma  on 
the  other. 

The  whole  of  this  new  cone  is  entirely  built  up  of  lava,  by  far 
the  greater  part  being  of  the  pahoehoe  or  corded  type ;  only  now  and 
then,  during  marked  activity,  has  there  been  produced  any  lava  with 
ft  rugged  Bcoriaceous  surface.  The  occasion  was  therefore  a  very 
valuable  one  to  determine  the  slope  of  such  a  lava-cone.  This  was 
done  only  normally  to  the  line  of  fissure  by  which  the  lava  issued, 
And  which  makes  the  cone  terminate  in  an  elongated  ridge  rather 
than  in  a  point.  Practically  all  these  clinometrio  observations,  which 
were  taken  with  great  care,  gave  angles  varying  from  13°  to  15°. 

Comparing  this  angle  with  that  of  such  mountains  as  Etna  or 
Mauna  Loa  we  must  consider  that  both  are  composite  cones,  and 
have  experienced  many  disturbing  influences,  such  as  the  formation  of 
parasitic  eruptive  outlets,  from  which  lava  streams  have  issued  far 
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away  from  the  ■ommit^  and  liaTe  thna  diminidiad  tha  gonanl  dope 
of  the  voloano.  Thoae  moantains  are  naiially  oonaidered  to  have  aa 
average  slope  of  10^.  The  Hawaiian  lavaa  are,  as  is  well  known, 
exceptionally  fluid,  and  we  ooald  hardly  ezpeoi  conea  of  greater 
•lope  than  10^.  At  Etna  the  lavas  have  always  been  more  viseooi 
from  their  lower  temperature  and  the  oompound  or  false  Tisoositj 
given  to  them  by  the  large  number  of  porphyritio  crystals  already 
existing  in  the  magma  at  the  time  of  emission,  just  as  earth  mixed 
with  water  may  produce  a  viscous  mud.  ^uiese  new  lavss  of 
Vesuvius,  as  is  the  case  with  all  those  that  issue  high  op  on  the 
volcano  and  in  small  quantities,  were  very  viscous  owing  to  their 
low  temperature  and  advanced  crystallisation,  so  that  soon  after  tlie 
material  poured  out  it  was  prevented  from  flowing  by  slight  further 
cooling.  We  may  take,  therefore,  this  average  slope  of  \4P  ss  the 
best  and  most  correct  estimate  for  a  lava  of  this  nature. 

This  recent  outflow  exhibits  most  of  the  varieties  of  surface  to  he 
met  with  in  the  type  of  lava  above  mentioned,  snob  as  corded  shapes 
of  different  kinds,  irregular  globular  surfaces,  sheets,  and  plates 
either  in  position  or  reared  on  end,  and  tunnels  of  every  variety* 
frequently  with  continuations  as  walled  canals.  A  magnificent  lava 
hump  was  formed  right  under  the  escarpment  of  Somma.  The  origin 
of  these  humps  is  still  obscure.  They  are  common  on  most  lai^ 
flows  of  corded  lava  of  Vesuvius,  but,  unfortunately,  I  have  never 
been  present  at  their  formation,  nor  do  I  know  of  anyone  who  has. 

The  points  of  iMue  of  the  lava  occurred  at  various  spots  along  a 
line  corresponding  with  the  strike  of  the  radial  dyke  to  which  it 
owes  its  origin,  so  that  the  new  lava  has  as  a  summit  an  irregular 
ridge  running  nearly  north  and  south.  Of  course  the  actual  highest 
point  is  nearly  always  that  where  the  last  lava  issued.  Generally 
more  than  one  spot  along  this  line  gave  out  lava  at  the  same  time. 
The  fluid  rook  flowed  sometimes  on  one  side,  sometimes  on  the 
other,  so  that  the  general  pablio  at  Naples  were  only  from  time  to 
time  treated  to  a  glimpse  of  Nature's  fireworks,  and  when  the  lava 
flowed  in  the  opposite  direction  it  was  often  announced  that  it  had 
altogether  stopped. 

During  the  last  year  several  new  conical  spiracles  were  formed, 
but  none  of  them  comparable  in  perfection  of  form  to  those  descrihed 
in  the  last  two  reports,  or  exhibiting  equally  interesting  features. 

No  very  interesting  minerals  were  produced  as  sublimates.  In 
fact,  only  two  species  are  worthy  of  mention.  On  one  occasion  a 
small  quantity  of  tenorite  was  formed  in  one  of  the  spiracles.  Soon 
after  the  lava  had  entirely  stopped  flowing  in  February,  sublimates 
of  potash-bearing  halite  were  very  abundant  around  the  vents, 
in  beautiful  fern-like  skeletons,  in  which  a  number  of  feathery 
branches  radiated  at  right  angles  from  a  stem  representing  usually 
about  three  edges  of  a  cube,  and  were  themselves  so  many  edges 
of  smaller  cubes.  Sometimes  this  halite  was  gray,  from  minute 
hadmatite  crystals  being  deposited  with  the  salt,  which  likewise  was 
in  some  oases  greenish  from  copper  impurities.  Most,  however,  were 
of  a  beautiful  snow  white.     One  small  cavity  in  particular,  about  the 
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size  of  a  man's  body,  was  olothed  with  the  most  glistening  white 
lining,  and  from  the  roof  and  walls  showers  of  crystals  fell  from 
time  to  time.  These  were  not  visibly  red-hot  in  bright  dififused 
daylight,  but  looking  towards  the  shaded  inner  extremity  of  the 
cavity,  a  bright  red  incandescence  was  visible.  In  a  short  time,  with 
suitable  apparatus,  I  collected  over  two  kilogrammes  of  this  material 
absolutely  free  from  mechanical  impurities. 

Along  many  of  the  cracks  of  the  lava  beautiful  glassy  crusts  of 
halite,  more  or  less  impure,  were  formed,  and  often  showed  a  dull 
red  heat  in  daylight  These  crusts  on  being  removed  become 
rapidly  opaque  and  milky  in  hue,  and  audibly  cracked  into  starch- 
like columns,  due  to  the  rapid  contraction  on  cooling — producing,  in 
fact,  a  miniature  basaltic  structure. 

About  February  5th,  1894,  the  lava  was  issuing  in  very  small 
quantity,  and  by  the  7th  showed  no  trace  of  movement.  Yet  even 
in  May  cracks  in  the  lava  near  its  point  of  exit  were  incandescent 
some  distance  in,  and  the  saline  incrustations  mentioned  above  were 
in  full  perfection. 

Coincident  with  the  arrest  of  the  lateral  outflow,  the  lava  rose  in 
the  chimney,  and  the  red  reflection  from  the  top  of  Vesuvius  that 
had  been  absent  for  so  long,  with  I'are  exceptions,  was  again  almost 
daily  visible,  llie  level  of  the  lava  in  the  main  chimney  soon  rose  to 
the  bottom  of  the  new  crater  that  had  been  forming,  and  increasing 
in  size  during  the  time  the  lateral  issue  of  lava  had  been  going  on, 
and  commenced  the  filling  up  of  that  cavity  by  the  formation  of  a 
cone  of  eruption,  so  that  almost  coincident  with  the  arrest  of  the 
leakage  of  lava  laterally  the  central  activity  changed  from  the  crater- 
and  dust-forming  stage  to  the  lava  cake-  and  cone-forming  stage. 

I  made  a  careful  examination  of  the  summit  of  Vesuvius  about 
the  middle  of  May.  The  crater  in  an  east  and  west  direction  was 
about  150  m.  in  diameter,  and  its  depth,  then  decreasing,  was 
about  the  same.  The  walls  were  remarkably  steep,  in  some  places 
even  vertical  or  overhanging.  The  bottom  could  be  seen  with  diffi- 
culty owing  to  the  crumbling  nature  of  the  edges.  The  walls  are 
nearly  all  covered  by  sublimates  or  dust  that  has  adhered  and  crusted 
them  over,  so  that  several  dykes,  both  solid  and  hollow,  can  no  longer 
be  distinguished.  This  is  especially  the  case  with  the  one  formed 
during  the  1891  outburst  The  details  of  the  great  rift  of  the 
1880-81  and  subsequent  eruptions  on  the  east  side  of  the  great 
cone  were  still  easily  discernible.  On  the  south  side,  and  a  little 
to  the  east,  a  wall  of  rock  stands  out  from  the  side  of  the  crater 
and  is  directed  nearly  towards  the  centre.  It  is  capped  by  a  pinnacle 
of  rock,  and  is  really  the  old  dyke  of  the  1885  eruption. 

Just  to  the  east  of  that  wall,  and  partly  owing  to  its  existence, 
the  slope  of  the  inside  of  the  crater  is  less  in  that  direction.  Here 
the  guides  had  made  a  little  path  for  a  few  metres  down.  On  ex- 
amining carefully  the  condition  of  things  from  its*  lower  termination, 
which  BO  far  aided  little  the  view  of  what  was  going  on  at  the  crater- 
bottom,  I  found  that  by  extending  it  down  a  slope,  and  then  cutting 
a  ledge  farther  round  to  the  east  at  a  suitable  point,  a  bracket-like 
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platform  tome  metres  square  oonld  be  leaohedy  which  is  about  balf 
way  down  the  orater.  Liater  the  path  was  farther  widened  by  me 
and  made  more  commodious,  and  now  giTCS  easy  aooeas  to  the  plat- 
form, from  which  one  can  look  right  into  the  Tent  of  the  Toloano 
and  watch  with  ease  the  boiling  up  of  the  lava  and  the  cjjeotion  of 
the  great  blobs  and  OBkeB  that  are  rapidly  filling  op  t&  crater. 
Unfortunately,  owing  to  the  well-like  shape  of  the  orater,  the 
shadows  due  to  the  vapour  column  spreading  ont  overhead,  and 
the  dark  colour  of  the  rooks,  instantaneous  photography  could  not 
be  utilised  to  record  this  interesting  and  everchanging  scene. 

As  is  usual  at  some  period  after  an  eruption,  feawery  gypsum  is 
a  common  product  in  the  cavities  of  the  old  scoriss,  and  is  associsted 
at  the  fumaroles  with  a  little  sulphur  (an  exceedingly  rare  mineral 
at  Vesuvius),  with  abundance  of  molysite  and  kermesite. 

In  the  Campi  Phlegnei  little  of  novelty  has  come  to  iight  A 
tunnel  and  a  deep  shaft  which  is  being  constructed  in  Naples  to 
complete  the  drainage  works  have  brought  several  interestiDg 
sections  to  light,  but  not  of  sufficient  completeness  to  be  yet 
worth  recording. 

YL — On  Certain  Voloanio  Subsidknoks  in  thc  North  ot  Ioklahh. 
By  Tempest  Anderson,  M.D.,  B.Sa,  F.O.S. 

PERHAPS  the  most  striking  features  in  Icelandic  scenery  are  the 
gids  (pronounced  "geow"),  or  fissures  and  chasms,  which  an 
so  frequently  met  with  in  all  the  districts  in  which  recent  voloanio 
activity  manifests  itself.  They  are  usually,  and  in  most  osms 
rightly,  ascribed  to  the  lower  stratum  of  a  molten  lava  stream, 
having  obtained  an  outlet  after  the  surface  has  oonsolidated  into  a 
crust  of  greater  or  less  thickness. 

Olds  of  this  class  are,  so  far  as  the  author  has  been  able  to 
observe,  confined  within  the  limits  of  a  single  lava  stream,  and  do 
not  affect  previously  formed  rocks.  Usually  there  is  a  large  gia 
roughly  parallel  with  each  side  of  the  original  lava  stream,  and  the 
space  between  these  has  subsided  considerably.  Any  gias  in  this 
subsided  portion  are  much  smaller,  and  obviously  of  secondary 
importance.  Examples  of  this  are  to  be  found  in  the  well-known 
Almanagia,  at  Thingvalla,  which  has  a  throw  of  about  100  feet, 
while  the  sides  of  the  smaller  gids  which  enclose  the  Logberg  in  the 
subsided  portion  are  practically  on  the  same  level. 

There  are  also  several  such  subsidences  near  Lon  and  Asbergi,  in 
the  north  of  Iceland.  The  main  subsidence  at  Asbergi  is  a  little 
more  complicated,  though  evidently  due  to  the  same  causes.  Here 
a  large  roughly  triangular  area  has  subsided,  the  throw  at  the  apex 
being  probably  nearly  300  feet,  but  a  space  in  the  middle  has 
remained  at  its  original  height,  so  that  a  depression  has  been 
produced  like  a  great  v»  ^^®  portions  both  between  and  outside  the 
legs  having  remained  standing.  In  the  case  of  Thingvalla  it  appears 
not  unlikely  that  the  lava  which  flowed  down  into  the  lake  solidified 
on  coming  in  contact  with  the  water,  and  formed  a  wall  sufficiently 
strong  to  hold  up  the  lava  plain  till  it  formed  a  firm  crust,  and  that 
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the  giving  way  of  this  and  the  esoape  of  the  molten  lower  layers 
into  the  deeper  parts  of  the  lake  caused  the  suhsidenoe. 

Similarly  the  lava  which  escaped  from  Asbergi  may  have  been 
that  which  now  occupies  the  low  ground  near  the  estuary  of  the 
Jokulsa,  in  the  direction  of  Lon. 

On  the  east  and  south-east  of  Lake  Myvatu  a  very  extensive 
eruption,  or  series  of  eruptions,  has  taken  place  from  a  chain  of 
craters  locally  called  Gardr  Borgir  ("  the  castles  of  Gardr,"  which 
is  the  name  of  a  farm).  The  lava  flow  has  occupied  nearly  all  the 
bed  of  Lake  Myvatu,  and  flowed  down  the  valley  of  the  Laxa  to 
its  mouth  at  Laxamyri.  All  this  stream  of  lava  is  very  remarkable 
for  the  number  and  size  of  the  spiracles  with  which  it  is  studded, 
and  a  regular  gradation  of  sizes  exists,  between  spiracles  the  size  of 
a  haycock  and  cones  some  of  which  cannot  be  less  than  200  feet  high. 
These  cones  and  craters,  which  constitute  such  a  striking  feature 
of  Lake  Myvatu,  may  probably  be  nothing  more  than  spiracles 
formed  by  the  escape  of  steam  generated  by  the  conflict  of  the  hot 
lava  with  the  water  of  the  lake.  The  barrier  which  holds  up  the 
water  of  the  present  lake  consists  of  this  lava,  and  caves  exist  in 
it  which  are  obviously  channels  by  which  molten  lava  has  escaped. 
These  and  deeper-seated  ones  would  be  those  by  which  the  lava 
escaped  and  left  the  depression  occupied  by  the  present  lake. 
Between  the  craters  of  eruption  and  the  lake  no  spiracles  were 
noticed,  but  there  is  a  very  remarkable  series  of  rocks — the  Dim- 
mnborgir — masses  of  lava  of  fantastic  shape,  30  or  40  feet  high, 
which  have  remained  standing  while  the  intervening  portions  have 
subsided.  They  present  slickenside  marks  where  the  subsiding 
portions  have  scratched  the  masses  that  have  remained  standing, 
and  tide- marks  where  the  crust  has  halted  in  its  descent ;  also  in 
many  places  bulgings,  where  the  lava  has  been  scarcely  stiff  enough 
to  stand,  and  others  where  it  has  actually  formed  stalactitic  masses. 

So  much  for  actual  lava  subsidences. 

The  special  object  of  this  paper  is  to  draw  attention  to  a  sub- 
sidence on  the  slopes  of  Leirnukr,  a  volcano  several  miles  north  of 
this  spot,  where  a  large  strip  of  land,  perhaps  200  yards  wide,  and 
one  mile  or  more  long,  has  been  let  down  to  a  varying  depth, 
averaging  perhaps  60  to  80  feet. 

The  faults  bounding  it,  like  nearly  all  the  fissures  in  this  district, 
run  north  and  south ;  and  the  east  face,  which  is  most  perfect,  cuts 
right  through  a  thick  stream  of  old  columnar  lava  and  through  a 
large  boss  of  tuff,  round  and  over  which  the  lava  has  bedded  itself, 
and  also  through  the  tuff  rocks  at  each  side  of  the  lava  stream.  It 
would  appear  worthy  of  consideration  whether  this  great  depression, 
which  thus  affects  all  the  crust  of  the  volcano  impartially,  may  not 
have  been  caused  by  the  falling  in  of  one  of  the  steam  cavities  which 
may  be  presumed  to  exist  under  volcanoes  after  the  lavas  have  been 
expelled  by  the  steam  pressure. 

This  would  occord  with  the  observation  that  sedimentary  rocks 
near  volcanoes  often  dip  towards  those  volcanoes.  Mr.  Goodchild 
has  informed  the  author  that  the  sedimentary  rocks  round  Arthur's 
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Beat  are  muob  thicker  the  nearer  they  are  to  that  old  Toleano,  u  if 
the  ground  had  slowly  sunk  while  they  were  being  depoeited. 

Near  Ldn  the  author  waa  shown  a  small  gi&,  said  to  have  been 
formed  during  an  earthquake  in  February,  1885.  The  craok  wai 
of  a  freshness  corresponding  to  suoh  a  date,  and  waa  only  a  few 
inches  wide,  and  so  short  that  it  could  not  be  determined  whether  it 
extended  beyond  one  bed  of  lava.  It  certainly  was  not  an  example 
of  the  escape  of  liquid  lava  from  below  a  crust,  nor  of  a  subsidenoe 
over  a  steam  cavity,  and  its  chief  interest  in  this  connection  is  as 
showing  that  at  least  three  separate  sets  of  causes  are  at  work  in 
producing  the  gi&s  of  Iceland* 


YII. — On  a  Nsw  Method  of  Measuriiig  Cbtstals,  ahd  its  Appu- 

OATION    TO    THS    MnABUBKMBMT  OT  THS    OOTABBDBOH    AVOLI  01 

Potash  Alum  and  Ammonia  Alum.    By  H.  A.  Muss,  M.A., 
F.Q.S. 

THE  two  fundamental  laws  of  Crystallography — ^namely  (1)  the 
constancy  of  the  angle  in  crystals  of  the  same  substance,  and 
(2)  the  law  of  simple  rational  indices — seem  to  be  violated  by  thoee 
crystals  which  are  liable  to  irregular  variations  in  their  angles,  or 
those  which  have  the  simple  faoea  replaced  by  complicated  ''vicinal" 
planes. 

Both  these  anomalies  are  exhibited  by  potash  and  ammonia  alum. 
Brilliant  and  apparently  perfect  octahednt  of  these  aalta  show  large 
variations  in  the  octahedron  angle ;  other  crystala  ahow  low  vioinal 
planes  in  place  of  the  octahedron  faces. 

If  it  be  true,  as  is  supposed,  that  the  octahedron  angle  varies  in 
different  crystals,  it  would  be  interesting  to  ascertain  whether  pro- 
gressive variations  can  be  traced  during  the  growth  of  a  single 
crystal,  and  whether  some  or  all  of  the  octahedron  faces  change  their 
direction  in  space  if  the  crystal  be  held  fixed  during  growth. 

In  order  to  solve  this  problem  a  new  goniometer  has  been  con- 
structed, in  which  the  crystal  is  fixed  at  the  lower  end  of  a  vertical 
axis,  so  that  it  can  be  immersed  in  a  liquid  during  measurement. 

This  device  is  in  reality  an  inversion  of  the  ordinary  goniometer 
with  horizontal  disc ;  the  liquid  is  contained  in  a  rectangular  glass 
trough  with  parallel-plate  sides;  one  side  is  placed  rigidly  per- 
pendicular to  the  fixed  collimator,  and  the  other  is  perpendicular  to 
the  telescope,  which  is  set  at  90°  to  the  collimator.  The  trough  ii 
supported  on  a  table  which  can  be  raised  and  lowered,  so  that  the 
crystal  can  be  placed  at  any  required  depth  in  the  liquid.  If  the 
liquid  used  he  its  own  concentrated  solution  the  crystal  can  he 
measured  during  growth,  and  the  changes  of  angle,  if  any,  can  be 
observed  at  different  stages. 

In  order  that  it  may  be  held  rigidly,  the  crystal  is  mounted,  when 
small,  in  a  platinum  clip,  which  it  envelops  as  it  grows  larger. 

The  results  derived  from  the  measurement  of  a  large  number  of 
alum  crystals  are  as  follow : — 

(1)  The  faces  of  the  regular  octahedron  are  never  developed  upon 
alum  growing  from  aqueous  solution. 
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(2)  The  refleotiDg  planes  (which  are  often  very  perfect)  are  those 
of  a  very  flat  triangular  pyramid  (triakis  octahedron),  which  overlies 
each  octahedron  face. 

(3)  The  three  faces  of  this  triangular  pyramid  may  be  very  un- 
equal in  size. 

(4)  The  triakis  octahedron  which  replaces  one  octahedron  face 
may  be  different  from  that  which  replaces  another  octahedron  face 
upon  the  same  crystal. 

(5)  During  the  growth  of  the  crystal  the  reflecting  planes  change 
their  mutual  inclinations ;  the  triakis  octahedron  becomes  in  general 
more  acute,  t.6.  deviates  further  from  the  octahedron  which  it  re- 
places as  the  crystal  grows. 

(6)  This  change  takes  place  not  continuously,  but  per  saltum,  each 
reflecting  plane  becoming  replaced  by  another  which  is  inclined  at  a 
small  angle  (generally  about  three  minutes)  to  it. 

(7)  During  growth  the  faces  are  always  those  of  triakis  octahedra; 
if,  owing  to  rise  of  temperature,  re-solution  begins  to  take  place, 
faces  of  icositetrahedra  are  developed. 

Oonclusions : — The  above  observations  prove  that  the  growth  of  an 
alum  crystal  expresses  an  ever-changing  condition  of  equilibrium 
between  the  crystal  and  the  mother  liquor.  It  does  not  take  place  . 
by  the  deposition  of  parallel-plane  layers ;  new  faces  are  constantly 
developed  :  since  these  succeed  one  another  per  salt  urn  they  doubtless 
obey  the  law  of  rational  indices,  though  not  that  of  simple  rational 
indices. 

From  the  mutual  inclinations  of  these  vicinal  faces  it  is  possible 
to  calculate  with  absolute  accuracy  the  angle  of  the  faces  to  which 
they  symmetrically  approximate.  This  angle  is  found  to  be  that  of 
the  regular  octahedron,  70°  31  J'.  The  octahedron  anj^fle  of  alum  is 
not,  therefore,  as  appeared  from  the  observations  of  Pfaff  and  Brauns, 
subject  to  any  variation. 

The  angle  at  which  a  given  vicinal  plane  is  inclined  to  the 
octahedron  is  independent  of  the  area  of  the  plane,  and  of  tlie 
temperature  of  the  solution,  and  of  the  barometric  pressure :  it 
appears  to  be  conditioned  by  the  concentration  of  the  solution  at  the 
surface  of  the  plane. 

In  confirmation  of  this  view  it  is  found  that  the  upper  and  lower 
portions  of  an  octahedron  face  which  stands  vertical  are  often  re- 
placed by  two  different  triangular  pyramids;  also  that  the  three 
laces  of  one  such  pyramid  are,  at  a  given  moment,  not  necessarily 
equally  inclined  to  the  octahedron  face  which  it  replaces. 

When,  as  is  often  the  case,  one  of  the  three  vicinal  planes  is  large, 
and  the  other  two  are  too  small  to  give  a  visible  reflection,  the  face 
appears  to  be  a  single  reflecting  plane.  It  is  this  which  has  been 
njistaken  for  the  octahedron  face  in  previous  observations. 

Similar  phenomena  of  growth  are  exhibited  by  crystals  of  other 
substances  belonging  to  different  systems.  The  conditions  of  equi- 
librium between  the  crystal  and  the  solution  are  such  that  vicinal 
planes  appear  in  place  of  simple  forms;  these  vary  with  the 
concentration  of  the   solution,  and  give  rise  to  variations  in  the 
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loeasured  angles,  whiob  are  only  apparently  anomaloiu.  Their  tnia 
position  oan  be  determined  on  a  crystal  of  cnbio  symmetry  (sixsh  ai 
alum)  wbose  theoretical  angles  are  known. 

A  further  study  of  the  faces  developed  daring  the  growth  of 
crystals  will,  it  is  hoped,  lead  to  a  better  understanding  of  the 
reasons  why  a  simple  face  like  the  octahedron  should  not  be  s 
surfaoe  of  equilibrium,  and  of  the  relation  between  the  Tidnal  plsnei 
and  the  structure  of  the  crystal. 

la  33  V  I  311?sr  S. 
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Ths  Ju&assio  Kocks  or  Britain.  VoL  IV.  The  Lower  Oolitio 
Bocks  of  England  (Yorkshire  excepted).  By  Horace  B. 
Woodward,  F.O.S.  8vo.  pp.  xiv.  and  628,  with  2  Plates  and 
137  Woodcuts.  (London :  Kegan  Paul,  Trench,  Triibner  k  Co., 
Limited,  1894.)    Price  IO0. 

THIS  is,  practically,  a  third  instalment  of  the  important  work 
now  in  course  of  publication  by  the  Goologicsd  Surrey,  of 
which  the  previous  Tolumes  have  already  been  noticed  in  the 
GsoLOGiCAL  Maoazims.  Vol.  !▼.  ooutains  an  account  of  the  Lower 
Oolites  (Inferior  Oolite  and  Great  Oolite)  throughout  their  long 
outcrop  from  the  English  Channel  to  the  Humber. 

In  his  preface  Sir  A.  Greikie  observes  that  much  assistance  hu 
been  derived  by  Mr.  Woodward  in  the  preparation  of  the  present 
volume  from  the  previous  Memoirs  of  the  Survey,  especially  tboie 
dealing  with  the  Oolitic  rocks  by  Professors  Hull,  Green,  and  Jodd, 
and  more  recently  by  Messrs.  Ussber  and  Jukes-Browne.  Tlie 
Director-General  also  does  justice  to  the  work  of  other  observers 
in  this  field,  commencing  with  William  Smith,  whose  origiDal 
labours  are  commemorated  in  the  names  given  by  him  to  many 
of  the  Bobdivisions  of  the  Oolites. 

The  author,  in  feict,  has  largely  availed  himself  of  the  assistsDoe 
to  be  derived  from  previous  publications,  both  official  and  non- 
official  ;  and  be  likewise  acknowledges  the  help  which  be  has  from 
time  to  time  received  from  the  personal  commnnications  of  those 
interested  in  the  Jurassic  geology  of  this  country.  It  is  of  course 
obvious  that  with  such  a  work  as  Judd's  Geology  of  Eutland  in 
hand,  the  path  of  the  surveyor  in  the  East  Midlands  must  have 
been  made  comparatively  easy. 

After  some  introductory  remarks  by  Mr.  Woodward,  dealing  with 
the  Oolitic  rocks  as  a  whole,  we  have  some  petrological  notes  from 
Mr.  Teall ;  nor  is  the  subject  of  GirvaneUa-ixxhe^  forgotten  in  con- 
nection with  the  possible  origin  of  Pisolite.  Two  plates  of  sections 
of  Oolitic  limestones  and  ironstones  illustrate  this  portion  of  the 
work. 

The  iNrsRiOB  Oolite  Series  (Bnjoctan),  Chapters  ii.  to  vii. 
inclusive,  are  devoted  to  this  series,  which,  in  its  course  throughout 
England,  is  justly  described  as  exhibiting  almost  every  variety  of 
stratified  rock.    The  base,  Mr.  Woodward  considersy  is  not  always 
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well-defined.  From  Dorsetshire  to  the  Vale  of  Moreton  there  occurs 
a  grotip  of  sandy  passage-beds  which  he  thinks  are  most  con- 
veniently designated  by  the  term  '*  Mid  ford  Sand,"  comprising  the 
zones  of  Am,  opalinue  and  Am,  Jurensis,  between  which  the  division 
of  Lias  and  Oolites  is  taken.  The  discussions  on  these  points  be- 
tween the  author  on  one  side  and  Messrs.  Buckman  and  Hudleston 
on  the  other,  are  familiar  to  the  readers  of  the  Quart.  Joum.  Geol. 
Society.  East  of  the  Yale  of  Moreton  the  base  of  the  Inferior  Oolite  is 
less  connected  by  passage-beds  with  the  Lias,  and,  as  we  pass  across 
Central  England  into  Lincolnshire,  the  Northampton  Sand  and  its 
equivalents  form  a  base  which  is  clearly  separated  from  the  Upper 
Lias.  Such  also,  we  would  observe,  appears  to  be  the  case  generally 
in  Yorkshire,  except  at  Blue  Wyke,  where  these  same  passage-beds, 
more  perfectly  developed,  perhaps,  than  elsewhere  in  England,  are 
seen  to  connect  the  Upper  Lias  with  the  Dogger.  We  must  not 
forget,  either,  that  even  in  the  South- West  of  England,  where  there 
is  an  overlap  of  the  ParX^insont-zone,  as  is  frequently  the  case,  no 
passage-beds  intervene  between  the  Ragstones  and  the  beds  on 
which  they  rest 

In  the  south-west  also  the  upper  limits  of  the  Inferior  Oolite  are 
more  easily  defined,  as  the  contrast  between  its  uppermost  limestones 
and  the  Lower  Fuller's  Earth  is  strong,  and  the  line  readily  drawn. 
But  when  we  reach  North  Oxfordshire,  without  any  typical  Fuller's 
Earth  as  a  guide,  whilst  the  Inferior  Oolite  itself  is  changing  and 
putting  on  higher  beds,  often  of  an  extremely  sandy  character,  the 
upper  limit  has  not  always  been  easy  to  define.  The  result  has  been 
an  indefinite  mapping  of  the  area.  Thus  Mr.  Woodward  writes 
(p.  148) :  "  It  is  clear  that  the  mass  of  the  sandy  strata  previously 
grouped  as  belonging  partly  to  the  Great  Oolite  and  partly  to  the 

Inferior  Oolite  belongs  to  the  latter  series There  is  no  more 

complicated  tract  among  the  Oolitic  rocks  of  England  than  this 
region  of  the  Inferior  Oolite  between  Chipping  Norton,  Charlbury, 
and  Banbury.  We  enter  a  region  of  changing  sedimentation,  which 
to  some  extent  corresponds  with  the  change  in  the  general  strike  of 
the  beds."  Further  eastwards  the  upper  limits  are  not  always  clear 
in  the  absence  of  the  Lincolnshire  Limestone ;  although,  in  section, 
the  Lower  Estuarine  may  generally  be  distinguished  from  the  Upper 
Estuarine. 

The  zonal  divisions  and  varj^ing  developments  of  the   Inferior 

Oolite  are  points  of  great  consequence,  and  it  may  also  be  added 

of  great  interest,  to  the  student  of  Jurassic  geology.     Hence  their 

differentiation  and   correlation  constitute   by  no   means   the   least 

important  part  of  this  work.     For  convenience  of  description  Mr. 

Woodward  follows  a  grouping  already  indicated  by  Mr.  Hudleston, 

and  refers  to  the  fossils  of  the  Inferior  Oolite  under  the  following 

principal  zones : — 

Uppbr    i  Am.  Parkintoni,  Loweb   (  Am.  Murchisona. 

Division  (  Am.  Sumphrietianus.  Division  \  Am.  opalinui. 

These  zones,  as  is  well  known,  are  best  developed  in  the  Dorset 

area,  where  au  essentially  Cephalopod  facies  prevails ;  and  in  that 
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district  it  is  possible  to  sabdivide  them,  as  Mr.  Bnokmaii  lus  kfdj 
done,  into  sub-zones  or  hemersB.  In  the  far  more  bulky  dcjKwiti 
of  the  Cotteswolds  such  precision  is  soaroely  possible ;  whilst  in  the 
Inferior  Oolite  of  Lincolnshire,  where  as  a  rule  a  thoiooghly  non- 
Cephalopod  faoies  prevails,  any  subdivisions whioh  maybe  attemptad 
in  the  limestones  must  be  based  on  the  general  oharsoter  of  tht 
fauna  rather  than  on  Ammonites  which  are  seldom  in  eridenoe. 

The  varying  development  of  the  Inferior  Oolite,  in  its  koil 
details,  is  well  worked  out  in  Chapters  iii.  to  viL,  as  this  pnitstn 
formation  is  followed  from  the  thin  but  highly  fbsailifeimiB  iioubot 
^x>lites  of  Dorset  and  part  of  Somerset,  throogh  the  thiok  him- 
bedded  oolites  and  ragstones  of  Uie  OotteswoMs,  into  the  ssndj 
limestones  of  North  Oxfordshire.  In  this  region  the  Inferior  Oolite 
begins  to  suffer  an  eclipse  even  on  the  outcrop,  whilst  on  the  dip 
generally  we  know  that  it  thins  out  to  nothing  beneath  the  ove^ 
lying  Bathonian,  the  highest  beds  in  most  cases  being  widely 
transgressive  over  all  the  others.  The  typical  developmente  in 
tlie  counties  of  Northampton  and  Lincoln,  which  belong  to  thi 
northern  or  Yorkshire  province  of  the  Inferior  Oolite,  are  psrtlj 
foreshadowed  in  North  Oxfordshire,  as,  for  instance,  at  Od^  Hill, 
where,  beneath  8  feet  of  Bagstones  representing  the  Upper  Divisioo^ 
joocur  4  feet  of  hard,  sandy  and  ferruginous  limestones  which  sn 
regarded  as  in  part  the  equivalents  of  the  Northampton  Beds. 

The  Northampton  Sand  itself,  **  where  fully  developed,  repressnti 
the  upper  part  of  the  aone  of  Am,  Jureimtf  the  acne  of  Awl  apaUm, 
and  portions  of  the  zone  of  Am,  Murehisona,**  The  exact  horiion  of 
the  overlying  Lower  Estuarine  Beds  is  not  quite  olear.  Judging 
from  tbe  fauna  there  is  good  reason  to  suppose  that  the  lower  and 
larger  portion  of  tbe  Lincolnshire  Limestone  is  on  or  about  the 
horizon  of  the  Oolite  Marl.  It  is  probable,  however,  that  higher 
beds  succeed,  and  we  cannot  agree  with  the  author  in  his  suggestion 
that  the  Great  Ponton  Beds  may  be  merely  a  repetition  of  these  in  the 
Little  Ponton  cutting.  A  study  of  the  fauna  is  clearly  in  favour  of 
the  view  that  the  Great  Ponton  Beds  are  high  in  the  series,  many  of 
the  fossils  being  Bathonian  in  character,  whilst  in  the  more  northern 
cutting  some  of  the  most  characteristic  fossils  of  the  Oolite  Marl 
may  be  noted.  As  we  proceed  towards  the  Humber  the  repre- 
sentative of  the  Northampton  Scmd  has  had  the  Yorkshire  term 
'*  Dogger  "  applied  to  it,  whilst  the  Lincolnshire  Limestone  has  been 
divided  into  an  upper  series  (the  Hibaldstow  beds)  and  a  lower 
series  (tlie  Eirton  Beds),  though,  so  far  as  is  known  at  present, 
there  is  no  marked  palseontologioal  distinction. 

The  Great  Oolite  Series  ( Bathonian)  presents  a  marked  contrsst 
to  the  preceding  one  in  the  comparative  constancy  of  its  Ammonite 
species,  which,  moreover,  are  by  no  means  numerous.  The  following 
grouping  is  adopted. 

Cornbrash.    Zone  of  Am,  maerocephalut, 
/  Forest  Marble  and  Bradford  Clay    \  Great  Oolite  Clay 

Zone  of  Am.  \  Great  Oolite  and   ]  Great  Oolite  Limestone 

<,riu.tig,ru.  \  |Xfi«^t«    ••  ;  —  ^^  }  Upper  E.tomB.  Son- 


.Revietr9-^Horaee  B.  Woodward — Lower  OoHfie  Boeh.    523 

TJuder  this  arrangement  the  Fuller's  Earth,  or  '<  Fulloniaii,"  is 
regarded  as  a  member  of  the  Great  Oolite  Series,  and,  indeed,  Mr. 
Woodward  considers  that  its  upper  portion  is  intimately  connected 
with  the  Stonesfield  Slate  where  that  phase  of  the  Great  Oolite  is 
developed.  He  also  confirms  Mr.  Etheridge*s  numerical  estimate  as 
to  the  preponderance  of  Bathonian  species  throughout  the  Fuller's 
Earth. 

None  of  the  subdivisions  of  the  Great  Oolite  can  be  regarded  as 
being  constant,  and  excepting  in  the  Stonesfield  Slate  its  Lower 
Division  contains  few,  if  any,  distinctive  fossils.  Practically  there 
is  no  zonal  grouping,  and  the  fossils  for  the  most  part  range 
throughout.  Lycett,  it  will  be  remembered,  drew  attention  to  this 
circumstance,  and  was  thus  disposed  to  minimize  the  value  of  the 
Great  Oolite  subdivisions.  Indeed,  he  went  so  far  as  to  suggest 
that  the  Forest  Marble  and  Bradford  Clay  might  be  omitted 
altogether  without  detriment  to  science.  Doubtless,  as  marking 
time  in  a  palssontological  sense,  there  is  much  truth  in  this,  and  we 
have  always  thought  that  far  too  much  importance  was  attached  to 
these  subdivisions  in  the  south-west  of  England.  However,  as  local 
developments,  they  are  worthy  of  note  by  a  Geological  Surveyor, 
and  all  the  more  since  Mr.  Woodward  has  shown  that  the  Great 
Oolite  of  Bath  and  Bradford  does  not  pass  into  the  Forest  Marble  of 
Dorset.  As  originally  held  by  William  Smith,  there  seems  to  be 
evidence  in  part  of  the  Dorset  area  of  the  mass  of  the  Great  Oolite 
having  been  eroded.  ITiis,  at  any  rate,  is  Mr.  Woodward's  view, 
though  it  is  just  possible  that  the  Great  Oolite  Limestone  may  have 
originally  been  a  lenticular  deposit,  such  as  the  Lincolnshire  Lime- 
stone was  described  by  Judd  and  Sharp. 

On  the  whole  Mr.  Woodward  concludes  that  the  Forest  Marble 
or  Bradfordian  has  some  claims  to  be  regarded  as  a  subdivision  of 
the  Great  Oolite  Series  altogether  independent  of  the  Great  Oolite 
itself.  And  yet  he  (pp.  271,  272)  elsewhere  speaks  of  the  difficulty 
of  separating  the  Forest  Marble  and  Great  Oolite,  there  being  no 
band  that  can  be  relied  upon  as  a  constant  horizon  in  the  series. 
This  uncertainty  is  exhibited  in  the  difference  of  opinion  as  to  the 
position  of  the  "  Eemble  Beds,*'  which  were  mapped  by  Prof.  Hull 
as  part  of  the  Forest  Marble,  though  Mr.  Woodward  endorses  the 
view  of  the  late  Prof.  Buckman  that  they  should  be  regarded  as  a 
portion  of  the  Great  Oolite.  Thus,  the  general  section  of  the  Great 
Oolite  (by  Prof.  Buckman)  adopted  for  the  Gotteswold  district  is  as 
follows : — 

Uppbb  Division. 

Yellowish  Oolite  r=Keinble  Beds] 

Marl,  etc.,  with  Lima  eardii/ormit  and  Terthratula  maxillata 

Hard  Limestone  with  Purpuroideay  Fachyriitna^  etc 

White  Limestone        

LowBR  Division. 

Rough  Freestone  or  Ragstone 

Stonesfield  Slate 

125    0 


Ft. 

in. 

45 

0 

4 

0 

6 

0 

30 

0 

25 

0 

15 

0 
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The  Eemble  Beds  are  not  seen  in  the  Hinohinhampton  Qiurni^ 
the  higheet  beds  there  yiaible  he  regards  aa  belonging  to  the  **  Whhi 
Limestone." 

Although  palnontologioal  evidenoe  is  not  a  oertaln  gaide  for  filing 
borisons  in  the  Great  Oolite,  it  is  probable  that  in  North  OzforddiiiB 
the  Great  Oolite  Series,  as  it  is  obsenred  to  rest  on  the  Chipping 
Norton  Limestone,  does  not  present  preoisely  the  same  basement 
beds  throughout  About  Chipping  Norton  itself  there  seems  to  be 
a  definite  line  and  a  thorough  physioal  break  at  the  base  of  the 
Great  Oolite,  and  this  is  further  eridenoed  by  the  ooonrrenoe  of  the 
**  rift  bed,"  where  a  olay  with  Bathonian  fossils  fills  np  oradn  m 
the  limestone  of  Inferior  Oolite  age.  In  this  distriot  alio  the 
equivalents  of  the  Btonesfield  Slate  may  be  observed  to  oooor,  si, 
for  instance,  in  the  famous  cutting  at  Langton  Bridge.  This  section 
seems  to  corroborate  Mr.  Walford's  recent  discoveries  at  Stonesfield, 
which  go  to  prove  that  the  Stonesfield  Slate  is  not  the  aotoal  bs« 
of  the  Great  Oolite  in  that  area,  as  some  sort  of  limestone,  with 
olay  seams,  presenting  on  the  whole  the  aspect  of  the  Great  Oolite^ 
is  found  to  occur  beneath  the  slate  bed. 

Reverting  once  more  to  the  Forest  Maible,  with  its  loosDy 
developed  Bradford  Clay,  the  author  considers  that,  in  spite  of  the 
varying  nature  of  its  particular  character,  when  taken  as  a  whole, 
it  forms  a  &irly  well-marked  division,  extending  from  the  coast  of 
Dorset  to  the  neighbourhood  of  Buckingham.  For  this  diviiion  the 
name  "  Bradfordian  "  is  adopted. 

It  is  admitted,  however,  that  shelly  limestones  of  similar  ohareotor 
occur  apparently  on  different  borizons  in  the  Great  Oolite  Series  of 
Northampton,  Rutland,  and  Lincoln.  Here  the  divisions  were 
originally  made  out  by  Prof.  Judd  and  the  late  Samuel  Sharp,  and 
are  as  follows : — 

Great  Oolite  Clay.  Great  Oolite  Limestone.  Upper  Estaarine  Series. 

Amongst  the  fossils  of  the  Upper  Estuarine  Mr.  Woodward,  we 
observe,  includes  PaludintL  Without  doubt  this  genus  might  very 
well  be  expected  to  occur  in  Bathonian  Estuarine  Beds,  since  Pais- 
dina  seotica  abounds  in  the  Loch  StalBn  Group  ("  infra  Oxfordian  **). 
Yet  there  had  been  no  previous  mention  of  Paludina  in  Sharp's  lists, 
so  that  it  would  be  interesting  to  know  on  what  authority  this  geniu 
is  quoted.  As  the  Bathonian  Beds  are  traced  towards  the  Humher, 
the  evidence  favours  the  view  that  there  is  but  one  stratigraphical 
division,  representing  the  Upper  Estuarine  Series,  the  Great  Oolite 
Limestone,  and  the  Great  Oolite  Clay. 

I'he  Cornbrash  naturally  terminates  the  series  of  Lower  Oolitic 
Rocks,  although  the  author  observes  that  there  is  no  palasontological 
break  in  the  South  of  England  or  elsewhere  between  the  Oombrash 
and  the  Oxfordian  Series ;  since  in  the  Eellaways  Rock  we  find, 
more  or  less  abundantly,  some  of  the  characteristio  fossils  of  the 
Cornbrash.  As  a  proof  of  the  solidarity  of  the  Bathonian  Series  we 
would  point  out  that  Am,  discus,  figured  on  page  432  as  a  Cornbrash 
fossil,  is  also  quoted  from  beds  as  low  down  as  the  Stonesiield  Slata 
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This  serves  to  show  that  the  Cornbrash  is  rightly  regarded  as  a 
member  of  the  Lower  Oolites,  whilst  its  paladODtologioal  ouDnection 
with  the  Kellaways  Bock  is  perhaps  not  quite  so  strong  as  the  author 
would  have  us  believe.  The  strong  Cephalopod  facies  whioh  acoom- 
panies  the  incoming  of  Oxfordian  Beds — regarding  the  Kellaways 
Eock  as  the  base  of  these — makes  the  paladontological  distinction 
almost  as  remarkable  as  that  indicated  by  the  lithology.  In  oommon 
with  the  rest  of  the  Lower  Oolites,  this  most  persistent  band  of 
calcareous  rock  becomes  of  less  importance  in  the  north  of  Lincoln- 
shire and  finally  disappears  before  the  Humber  is  reached. 

The  remaining  chapters  of  the  volume  treat  of  Scenery  and  Agri- 
culture, of  Economic  Products,  and  of  Springs  and  Water  Supply, 
Apart  from  the  importance  of  the  Northamptonshire  iron-ore,  we 
cannot  forget  that  the  Lower  Oolites  have  furnished  some  of  the 
most  celebrated  of  our  building-stones ;  whilst  we  must  also  bear  in 
mind  that  the  Thames  is  largely  indebted  for  its  waters  to  the 
peculiar  configuration  of  these  rocks  in  the  Cotteswolds.  The  curious 
facts  connected  with  the  distribution  of  saline  waters  in  the  Jurassic 
Bocks  generally  have  not  escaped  Mr.  Woodward's  observation ; 
more  especially  noteworthy  being  the  Forest  Marble  touched  in  the 
Swindon  boreliole,  which  contained  water  carrying  2,131  grains  of 
saline  matter  per  gallon. 

A  full  catalogue  of  fossils  from  the  Lower  Oolitic  Bocks  of  England 
completes  the  volume.  Mr.  Woodward  is  to  be  congratulated  on 
this  exhaustive  work,  in  the  preparation  of 'which  an  immense 
amount  of  literature  has  been  consulted,  and  the  whole  put  together 
in  the  light  of  a  personal  experience  in  the  field  extending  over 
several  years.  The  volume  will  be  invaluable  to  those  who  desire 
to  become  acquainted  with  the  Lower  Oolitic  Bocks  of  this  country. 
But  while  we  consider  that  the  author  has  done  his  duty  thoroughly, 
it  is  difficult  to  say  much  in  praise  of  the  illustrations.  Some  of 
the  figures  of  fossils  are  characteristic,  but  the  sections  are  often 
indistinctly  printed,  whilst  the  reference  numbers  are  frequently 
illegible.  We  would  recommend  those  who  are  responsible  for 
bringing  out  the  Survey  Memoirs  to  inspect  a  recent  Number  of 
the  Proceedings  of  the  Geologists*  Association,  where  a  section  at 
Finedon  Hill,  in  Northamptonshire  (from  a  photograph),  disposes  of 
pretty  nearly  the  whole  of  the  Lower  Oolites,  as  developed  in  that 
district,  withiu  a  vertical  space  of  46  feet.  The  distinctness  of  the 
numbering  in  this  case  is  a  satisfactory  feature  which  the  Queen's 
printers  would  do  well  to  imitate. 

11. — On  the  Ocourrencb  of  Chippkd  (?)  Flints  in  thb  Upper 
Miocene  of  Burma.  By  Dr.  Fritz  Noetling,  F.G.S.,  Palaeon- 
tologist, Geological  Survey  of  India.  With  a  Plate.  (In  The 
Becords  of  the  Geological  Survey  of  India,  vol.  xxvii.  part  3, 
1894,  pages  101-103.) 

IN  the  Tertiaries  near  Yenangyoung,  where  Dr.  Noetling  has 
lately  been  mapping  the  Oil-field  of  that  district  in  Burma, 
he  distinguishes  three  distinct  groups  of  strata,  which,  in  descending 
order. 
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8.  Group  0.  Hard  and  soft  saad-rooks^  altematuig  with  figbU 
brown  olaya.  Silioified  wood  oommoiiv  and  remaina  of  land  lod 
fresh- water  animals.    Thioknesa  not  leaa  than  4620  fioet 

2.  Group  B.  Brown  and  red  sandstones  and  light-brown  daji^ 
containing  numeroua  oiystals  of  selenite,  and  locally  coontliNi 
numbers  of  BaUna  Orawfardi,  Noetl. ;  terminating  in  a  bed  of 
fermginoos  oonglomerate  with  nnmerona  remaina  of  terrestriil 
animals,  among  wbioh  Hiypoihenum  [JBipportbaJ  amtd&pimm, 
Cautley  and  Falooner,  and  BhinoceroM  PenimtntU  prepcmdentSi 
Chipped  ftimU  locaUy  not  rare.    Thioknesa  1106  feet. 

1.  Group  A.  Blue  days,  alternating  with  grey  sandstones,  whidk 
contain  locally  large  quantitiea  of  petroleum.  Foasils  aie  soaroab 
but  ohiefly  marine,  with  rolled  fragmenta  of  bonea  and  some  teetk 
of  land  animals.    Thickness  not  less  than  1000  feet 

The  author  pointa  out  that  this  series  exhibits  a  gradation  from 
a  littoral  marine  formation  to  fresh- water  depoaits ;  that  the  Teite> 
brate  remains  belong  to  a  fauna  nearly  identical  with  that  of  the 
Sewaliks ;  "  that  Ghroup  0  (probably  inclnsiTe  of  Group  B)  must  be 
of  XTpper  Miocene,  if  not  Pliocene,  age " ;  and  that  the  fermginooi 
conglomerate,  containing  the  chipped  flints,  is  therefore  either  loweit 
(earliest)  Pliocene,  or  uppermost  (latest)  Miocene. 

The  well-known  ossiferous  Sewalik  strata  are  regarded  as  Lower 
Pliocene  by  Lydekker;  but  Upper  Miocene  by  Gandxy,  Boyd- 
Dawkins,  and  others. 

There  were  about  a  doien  specimens  of  worked  flints  found  in 
the  ferruginous  oonglomerate  by  Dr.  Noetliog,  whose  attention  was 
drawn  to  them  by  one  in  particular,  45  millero^tres  long  and  20  wide 
(illustrated  by  figs.  1,  la,  Ih),  which  was  partly  imbedded  in  the  rock 
close  to  a  fine  lower  molar  of  Hippotherium  (fig.  6) ;  four  of  the 
other  flint  specimens  are  shown  in  figs.  2,  3,  4,  5,  in  various  aspecta 
These  latter  are  more  or  less  triangular  flakes,  about  25  millem^trei 
long ;  and  some  specimens  which  seem  to  be  ordinary  ridge-flakes, 
as  much  as  40  mm.  in  length. 

It  is  not  clear  why  Dr.  Noetling  inserted  a  note  of  interrogation 
after  the  word  ''  chipped  "  in  the  title  of  his  paper.  The  specimen 
(fig.  1),  which  he  terms  "a  rectangular  flake,"  has  been  verj 
definitely  dressed ;  and  the  other  smaller  flakes  have  evidently  been 
struck  ofi*  larger  flints,  and  probably  manipulated  so  as  to  have  i 
point  and  one  or  more  sharp  edges.  The  bettermost  specimen 
(fig.  1)  is  ridged  on  each  face,  rounded  at  one  end,  truncate  at  the 
other,  and  has  its  edges  almost  parallel  and  sharp.  One  ridge-faoa 
retains  a  narrow  strip  of  its  original  flat  surface ;  and  the  other  is 
sharply  defined  by  nearly  symmetrical  flakings  sloping  up  from  the 
edges  and  meeting  in  a  line  along  the  middle.  One  edge  of  the 
implement  is  somewhat  concave,  either  by  irregular  flaking,  or 
subsequent  breakage,  on  the  face  (fig.  la)  retaining  a  strip  of  the 
former  plane  surface. 

It  is  apparent,  therefore,  that  worked  flints  have  been  found  by  an 
experienced  Geological  Surveyor  in  India  in  a  stratum  of  either 
Upper  Miocene  or  Lower  Pliocene  age.  In  the  title  of  bis  paper 
Dr.  Noetling  reieia  \l  to  \.\i^  "Ti^^«t  ^vy:«iv^* 
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In  1863  the  Abb6  L.  Bourgeois,  with  the  Abbe  Delaunay  and 
M.  Boa  vet,  found  some  worked  flints  at  the  outcrop  of  some  fresh- 
water beds  of  the  lower  part  of  the  Caloaire  de  Beauce,  above  the 
bank  of  the  stream  of  Thenay,  near  Pontlevoy  (Loir-et-Cher), 
France;  and  in  1869,  to  certify  their  position,  MM.  Bourgeois  and 
Delaunay  had  a  pit  dug  on  the  top  of  the  hill,  at  about  a  hundred 
metres  within  the  edge  of  the  plateau  above  the  valley,  and  believed 
that  they  discovered  several  well-characterized  flint  instruments,  at 
a  depth  of  six  metres,  in  the  same  marly  beds  of  the  Beauce 
Limestone  that  crop  out  on  the  hill-side  below.  See  Bulletin  Soc. 
Geol.  France,  ser.  2,  voL  xx.  1863,  pp.  635-642;  vol.  xxvi.  1869, 
pp.  901-902;  vol.  xxvii.  1870,  pp.  619-620  (M.  Raulin).  Some 
geologists  and  aroheeologists  have  not  accepted  M.  Bourgeois'  inter- 
pretation of  the  facts,  and  others  have  ignored  it;  but  there  still 
remains  the  possibility  of  this  Miocene  occurrence  of  man-worked 
flints.  This  is  strengthened  by  the  finding  of  such  relics  in  the 
Miocene  of  Burma ;  nor  need  we  hesitate  to  allow  that  Man,  as  well 
as  such  Miocene  animals  as  the  Mippotherium  (Hipparion),  could, 
within  a  limited  period,  spread  over  the  Asiatico-European  continent, 
so  as  to  constitute  a  real  contemporaneity,  and  not  merely  a  homo- 
taxis,  of  the  fossiliferouB  strata  in  that  far-back  stage  of  Geological 
History,  T.  Rupert  Jonks. 


ooi&i&:BSi>025rx):B25ro:B. 

AN   EEECT   TREE   IN   THE   COAL-MEASIJRES. 

Sir, — My  brother-in-law,  Mr.  J.  C.  Brierley,  of  Boohdale,  has 
sent  me  some  photographs  of  a  recent  discovery  there,  which  I  think 
you  might  like  to  record  in  the  Gbolooioal  Magazine.  My  friend 
Mr.  Piatt,  of  Rochdale,  may  possibly  describe  it  at  greater  length. 
It  is  that  of  a  very  perfect  internal  cast  of  an  erect  Sigillarian  trunk 
rooted  in  the  ground  and  rising  to  the  unusual  height  of  more 
than  six  feet,  with  a  circumference  at  the  base  of  about  the  same, 
and  of  four  feet  at  its  present  summit.  As  now  exposed  there 
are  three  main  roots  from  the  trunk,  each  of  which  bifurcates. 
Near  the  base  of  the  trunk  the  bark  has  been  preserved  in  a 
carbonized  form.  The  tree  stands  in  a  bed  of  Carboniferous  shale 
in  the  Lower  Coal-measures,  which  forms  an  insular  mass  in  the 
bottom  of  the  valley  of  the  Roach  and  is  topped  by  Boulder-clay. 
Apart  from  other  interesting  circumstances,  the  trunk  is  clearly 
in  situ,  and  it  affords  good  evidence  of  the  very  rapid  accumulation 
under  certain  condition^  of  some  of  the  primary  rocks.  It  cannot 
be  doubted  that  the  shales  which  enclose  it  must  have  been 
deposited  very  rapidly,  or  else  the  trunk  itself  would  have  weathered 
away.  It  is  also  a  proof  that  whatever  deposited  the  Boulder-clay 
in  the  valley  of  the  Roach,  it  could  not  have  been  an  instrument  of 
very  active  erosion,  or  such  masses  of  soft  shale  as  this,  enclosing 
a  perpendicular  tree-trunk,  would  have  been  swept  away.  (See 
illustration  on  page  628.)  Henrt  H.  Uoworth. 


Obituafy—lfr.  WilUtm  Tepbg. 
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WILLIAM    TOPLEY,    F.R.S.,    F.G..S. 
Wk  reftret  to  record  the  death,  on  the  30th  September,  of  WOlik 
Topley,  F.K.S.,  who  wm  so  long  conoeoteii   with    the  Geologic 
Survey.     In  our  nvtX  l^aiaVMT  '««  ^f&  ^^ViUftli  «,  short  Memoir 
faim,  aocompanied  bj  &  T^tttw.u 
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A  RETROSPECT  OF  MORE  THAN  THIRTY  YEARS. 

IT  18  now  more  than  thirty  years  ago  since,  with  my  friend  Professor 
T.  Rupert  Jones,  F.B.S.,  we  commenced  to  Edit  the  Oeoloqioal 
Magazine,  Messrs.  Longmans  &  Co.  being  our  publishers. 

Out  of  the  long  list  of  distinguished  Supporters  and  Contributors 
to  the  Okologioal  Magazine  published  in  1864,  I  rejoice  that 
twenty-four  Original  Names  still  remain,  after  more  than  thirty 
years,  namely: — ^The  Duke  of  Argyll;  the  Earl  of  Ducie;  Sir 
Archibald  Qeikie;  the  Right  Hon.  Thomas  Huxley;  Sir  John  Evans; 
Prof.  Prestwich  ;  Prof.  T.  G.  Bonney ;  Prof.  Wiltshire ;  Prof.  Boyd- 
Dawkins ;  Prof.  Alphonse  Milne-Edwards ;  Prof.  Dr.  A.  Fritsch ; 
Prof.  A.  von  Koenen ;  Prof.  E.  Hull ;  Prof.  H.  Q.  Seeley ;  Mr.  R. 
Etheridge ;  Mr.  William  Carruthers ;  Mr.  William  Whitaker ;  Rev. 
0.  Fisher ;  Mr.  James  Carter ;  Mr.  James  Powrie ;  Mr.  R.  H.  Valpy ; 
Mr.  G.  C.  Churchill ;  Mr.  R.  F.  Tomes ;  and  Mr.  E.  C.  H.  Day. 

To  my  regret  Prof.  Rupert  Jones  retired  from  the  Editorship 
in  June,  1865.  After  that  date,  aided  by  Prof.  John  Morris  (since 
deceased),  and  by  my  colleagues,  Mr.  R.  Etheridge,  Mr.  Wilfrid 
Hudleston,  and  Dr.  G.  J.  Hinde,  the  Magazine  has  enjoyed  an 
uninterrupted  existence  and  a  well-earned  position  as  a  scientific 
journal. 

Messrs.  Longmans  relinquished  the  publication  in  1865,  but  it 
was  at  once  taken  up  by  Messrs.  Triibner  &  Co.,  who  successfully 
maintained  its  issue  for  25  years,  until  1890,  when  their  business 
was  absorbed  into  that  of  Messrs.  Kegan  Paul,  Trench,  Triibner, 
and  Company  (Limited).  Now,  after  a  further  term  of  four  years, 
Messrs.  Kegan  Paul  &  Co.  have  kindly  allowed  me  to  take  the 
Geological  Magazine  into  my  own  hands.  I  embrace  the  oppor- 
tunity, therefore,  to  express  to  them  ray  sincere  thanks  for  the 
uniform  kindness  and  courtesy  with  which  they  have  treated  the 
Editor  during  the  period  of  their  adrainistration,  and  especially  at 
this  epoch  in  the  history  of  the  Magazine. 

After  the  issue  of  the  present  Number  of  the  Geologioal 
Magazine,  Messrs.  Dulau  and  Company,  37,  Soho  Square,  W.,  have 
consented  to  act  as  my  publishers,  and  1  trust  to  obtain  the  con- 
tinued support  of  my  geological  friends  who  have  heretofore  aided 
me,  both  by  their  contributions  and  subscriptions,  for  so  many 
years  past.  __  __ 

129,  Bn^vronr  Stkbet,  Chblsba.  S.W.  ^^^^^  ^  ^^^  "*-"^- 

DMOADM  zr, — roL.  I. — no,  xu.  ^^ 
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L— Contributions  to  our  knowledos  of  th«  Genus  Ctclus,  from 
THE  Carboniferous  Formation  of  yabious  British  Localities. 

By  Hbnry  Woodward,  LL.D.,  F.R.8.,  Prefl.Greol.Soc., 
of  the  British  Miueum  (Natural  History). 

(PLATE  XV.) 

THE    carious   little   shield-like   Crastaoeans,   knowD   under  the 
generic  name  of  Cyclus,  were  first  noticed  by  de  Eoninck  in 

1841,  and  have  been  subseqaently  figured  and  described  by  various 
authors,  but  their  exact  systematic  position  has  never  been  clearly 
understood  owing  to  the  absence  of  appendages  or  other  indications 
by  which  their  afSnities  might  be  satisfactorily  ascertained. 

In  1868  I  gave  a  description,  with  figures,  of  two  specieB:^ 
one  of  which,  the  Cyelus  radialis,  had  been  previously  noticed  hy 
de  Eoninck'  and  Phillips';  the  other,  C,  Bankini,  was  then  first 
made  known. 

In  1870,  under  the  title  of  "Contributions  to  British  Fossil 
Crustacea,"^  I  redescnbed  the  above-named  species,  and  added  Cyelut 
hilobatw,  C,  toroBUS,  C.  Jonesianus,  C.  Wriyhiiif  C,  Marknessi,  C* 
(EaHcyne)  laxus,^  C.  (Halicyne)  agnotvs,* 

The  next  record  of  the  genus  is  to  be  found  in  the  fifth  part  of  my 
Monograph  of  British  Fossil  Crustacea  *  of  the  order  Merostomata, 
which  records  and  figures  the  then  known  seven  British  species  of 
Cyclus,  but  adds  no  new  forms. 

In  1883  Mr.  B.  N.  Peach,  F.R.S.,  L.  and  E..  F.G.S.,  piihliehed 
an  account  of  Cyclus  tesiudoy  from  tlie  Carboniferous  series  of  Lang- 
holm,' to  which  reference  will  again  be  made  later  on. 

In  1893  I  noticed  a  new  British  species  of  CycluSy^  discovered  by 
Mr.  George  Scott  in  the  **  Gannister  seam  **  of  the  Lower  Coal- 
measures,  Old  Clough  Colliery,  Bacup,  Lancashire,  which  1  named 
Cyclus  ScottL 

In  the  same  year  Mr.  F.  R.  Cowper  Reed,  B.A.,  F.G.S.,  of  Trinity 
College,  Cambridge,  gave  a  description  of  what  he  deemed  to  be 
probably  a  new  species  of  CyclnSf^  from  the  Carboniferous  Limestone 
of  Settle,  Yorkshire,  near  to,  but  not  identical  with,  C.  Harkuetii, 
which  he  named  6'.  Woodtoardi. 

*  British  Association  Reports,  Norwich,  1868,  4th  Report  on  Fossil  Crustacea, 
pp.  72-75,  pi.  ii.  figs.  1  ana  2. 

^  L.  G.  de  Koninck,  Descript.  des  Animaux  Foss.  Terr.  Carb.  de  Belg.  Liege, 

1842,  p.  591,  pi.  lii. 

3  J.  Phillips,  Geol.  Yorksh.  vol.  ii.  p.  240,  t.  xxii.  fijr.  25,  1829. 

*  Geol   Mao.  1870,  Vol.  VII.  Pi.  XXIII.  Figs.  1-7,  pp.  564-560. 

*,  *,  These  last-named  species  are  not  Hritish,  and  had  been  previously  descrihed 
by  Prof.  Ilennann  von  Meyer,  in  the  PaliDontographica,  1847,  vol.  i.  p.  'l34,  under 
the  genus  Halicyne.  They  are  from  the  Muschelkalk  of  Rottweil  in  Germany. 
Goldtuss  originally  figured  Halicijne  as  Olentis  serotinus  (Petrefact^'ukunde;,  after- 
wards von  Miinster  referred  it  to  Limulus  (Beitrago,  1H4I,  Bd.  i.  t.  v.  f.  1). 

*  Palajontographical  Society,  1878,  vol.  xxxii.  pp.  248-255,  pi.  xxxii.  figs.  42-49. 
'  See  Trans.  Roy.  Soc.  Ecfinburgh,  1883,  vol.  xxx.  pi.  xxviii.  figs.  9-9i/,  p.  227. 

*  See  Geol.  Mao.  1893,  Decade  III.  Vol.  X.  (Woodcuts  A,  B),  p.  28. 
»  Ibid.  pp.  64-66  (with  a  Woodcut). 
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HaTing,  tfarongh  the  kindneai  of  Prof.  John Toan^.  M.D.,  F.RS.E. 
(Regiaa  Professor  of  NKtnrnl  History  in  the  Uuirersity  of  Qlasgonr), 
and  Mr.  John  Yoang,  LL.D.,  F.Q.S.,  of  the  Hunterian  Muaeum  of  the 
Univeraity  of  Glasgow,  been  allowed  to  examine  and  figure  another 
of  the  late  Dr.  Bankin's  speoimens  from  Carluke — now  preserved 
in  the  Musenm  of  the  Unirersity  (Plate  XV.  Fig.  8)— and  being 
also  in  poaoeeaion  of  a  long  aeriea  of  specimens  obtained  hy  the  lata 
Mr,  Henry  Johnson,  C.E.,  F.Q.S.,  of  Dudley,'  from  the  "  Pennyatooe 
ironstone,"  over  the  thick  ooal  of  the  StafTordshire  Coal-field,  at 
Coseley,  near  Dudley,  1  am  desirous  onoe  more  to  oall  attention  to 
these  very  singular  little  Arthropods. 


the  Carboniferous  LimeMoae, 

By  far  the  moat  important  oontribution  to  the  genns  Cyelvm 
recently  published  is  to  be  found  in  the  paper  by  Peaoh,  entitled 
"Further  Reaearohes  among  the  Crustacea  and  Araohnida  of  the 
Scottish  Border."**  These  specimens,  writes  Peaoh,  " occur  ohiefly 
as  flat  discs,  or  dotne-sbaped  masses  of  radiating  calculi  which  have 
coalesced  into  a  polygonal  mosaic  of  calcareous  plates.  They  vary 
from  3  mm.  to  10  mm.  in  diameter."  .  .  .  .  "  Being  embedded  in 
shale  they  are  more  or  less  flattened,  and  apparently  much  in  the 
same  oondition  ae  the  Oyeltu  Bankini  desoribed  by  Woodward  as 
having  been  obtained  ^om  the  Carboniferous  (shales)  of  Carluke." 
They  ore  considered  by  the  author  t«  belong  to  one  species,  which 
is,  he  thinks,  di&erent  from  any  yet  described.  "A  few  of  the 
specimens  exhibit  the  dorsal  shield,  whioh  is  plain  or  slightly 
embossed  ;  while  Others  only  show  the  dorsal  aspect  of  the  borders, 
the  rest  of  the  upper  sarface  being  broken  away,  exposing  the  ventral 
or  slemal  arches,  whioh  radiate  much  as  in  Cyelu*  Rankini."  .... 
"  From  the  fact  that  several  of  the  Surrey  specimens  exhibit  limbs, 
the  radiating  lines  of  the  sternum  are  most  probably  the  divisions 
between  the  ooxm,  so  that  I  am  inclined  to  difier  from  Woodward 
and  to  look  upon  the  opposite  end  to  what  he  does  as  being  the 
anterior."  Then  follows  the  specific  description  of  Cyelu$  lestudo, 
Peach,  from  the  Calciferous  Sandstone  series,  Langholm. 

In  October,  1886,  I  became  aware,  from  a  study  of  Mr.  Henry 
Johnson's   collection   of    Cgclut,   obtained  from  the  olay-ironstone 

1  PoTcbsaed  bj  the  British  Hnseam  in  188Q. 

*  Trans,  fioj.  Soc.  fidinbaigh,  1883,  toI.  hi.  p.  fill,  pi.  uviii.  fige.  9 
•nd  9a,  b,  e,  d. 
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nodolet  of  the  Coal-measarM,  Cowkj,  Staflfordthira^  tiitfc  Aa  finm 
which  I  had  dewmbed  in  1868  as  Cfd^  BamMd^  fmn  OnliilEib 
and  which  differed  in  bo  Tery  remarkable  a  manner  from  all  the 
other  carapaoea  referred  to  that  genua  from  fhe  Carboniferoiia  lime- 
atone,  was  really  the  wikderMe  of  a  Qfeliit  from  whioh  the  dd^ 
or  carapace  had  been  removed.  Unfortanalely  at  that  time  I  had  not 
seen  Mr.  B.  N.  Peach'a  paper,  nor  was  I  aware  that  he  had  writtm 
npon  the  genoa,  until  my  paper  on  Cffdiu  SeoiUf  in  1898,  wm  ia 
print,  when  I  added  a  note  apologising  for  having  overlooked  it^ 

To  Mr.  Peach,  therefore,  belongs  the  merit  of  having  been  the  fint 
to  explain  (in  1883)  the  true  nature  of  the  peonliar  atmotsreobaervBd 
in  C  Banhim,  But  the  interpretation  put  npon  the  genua  by  Ml 
Peach  remains  to  be  considered.  And  here  let  me  express  my 
thanks  to  Sir  A.  Geikie,  the  Direotor-Qeneral,  for  granting  me 
permission  to  study  the  original  apeounens  of  Cydm$f  aeaorib^  by 
Mr.  Peach,  which  Mr.  J.  S.  Goodohild,  in  charge  of  the  Survey 
Collection  in  Edinburgh,  has  most  kindly  forwarded  to  me. 

An  examination  of  these  specimens  at  once  reveala  the  extreme 
difSculties  which  Mr.  Peach  encountered  in  endeavouring  to  de- 
cipher these  very  obecure  little  oiganiama,  moat  of  which  have  had 
the  details  of  their  structure  almost  entirely  obliteimted  by  deposits 
of  globular  or  orbicular  caldte.* 

I  was  fortunate  also  in  obtaining  twenty  spedmena  of  0§du 
ie$tuio  from  Eskdale,  early  in  the  present  year,  from  Mr.  T.  Stock; 
and,  although  most  of  these  were  similarly  obaoared  by  oaldte- 
deposits,  I  have  obtained  some  good  results,  whioh  I  will  presently 
refer  to. 

The  best  preserved  specimens  which  Mr.  Peach  had  the  good 
fortune  to  secure,  not  only  show  traces  of  an  upper  dorsal  shield, 
but  also  evidence  of  the  ventral  surface  with  its  sterna  and  radiating 
apodemata,  as  figured  by  me,  in  1868,  in  C  Bankini  from  Carluke, 
and  also  in  our  present  Plate  XY.  Fig.  8.  Thua  the  enigmatical 
Cyclus  Bankini — as  Peach  points  out,  and  as  the  specimens  here 
figured  conclusively  prove — is  in  reality  the  sternal  surface  of  a 
CycluSf  the  dorsal  shield  of  which  may,  or  may  not,  be  known. 

So  far,  we  are  in  general  agreement;  but  when  Mr.  Peach  proceeds 
to  suggest  that  I  have  mistaken  the  anterior  for  the  posterior  end 
of  these  carapaces,  1  am  at  once  at  issue  with  him,  and  can  only 
conclude  that  the  ''globular  calcite"  has  obstructed  his  clearer 
vision.  Nor  is  it  necessary  to  institute  any  very  lengthy  comparisons 
with  other  forms  in  order  to  ascertain,  as  in  the  famous  Skye-terrier 
controversy,  *'  which  is  his  head  and  which  is  his  tail."  We  arev 
fortunately,  not  dependent  upon  the  Langholm  specimens  alone  for 
settling  this  fundamental  point,  for  in  the  numerous  and  beautifully 
preserved  examples  from  Mr.  Henry  Johnson's  collection  we  have 
evidence  enough  to  establish  our  position  beyond  a  doubt. 

>  See  Geol.  Mao.  1893,  Dec.  III.  Vol.  X.  footnote,  p.  29. 

-  See  note.  p.  482,  on  globular  calcite,  on  a  new  species  of  Euryptenu  from 
Eskilale,  by  H.  Woodward,  Geol.  Mao.  1887,  Dec.  III.  Vol.  IV.  pp.  481-484, 
PI.  XIII. 
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Without  maintaining  that  the  pair  of  large  rounded  prominences, 
ohservable  in  most  of  the  specimens  near  the  anterior  border,  are 
eyes,  there  is  evidence  both  in  Figs.  7  and  8,  PI.  XY.,  of  the 
presence  of  much  smaller,  and  probably  stalked,  eyes  near  the  front 
of  the  head.  The  eyidence  of  antennss-like  organs,  in  situ^  attached 
to  the  part  which  I  designate  as  the  front  of  the  shield  (represented 
on  Plate  XY.  Figs.  4,  5,  and  faintly  on  Fig.  6),  seems  to  me  con- 
clusive that  this  frontf  or  upper  border,  as  figured  by  me,  is 
indubitably  the  head. 

Mr.  Peach  mentions  that  where  the  dorsal  shield,  in  his  Cyclus 
teatudo,  "  has  been  broken  away,  bo  as  to  expose  the  interior  ot  the 
sternal  portion  to  view,  six  triangular  plates  on  each  side,  divided 
from  each  other  by  deep  sulci,  are  seen  to  converge  upon  an  oval 
stemuni."     lliese  plates,  he  considers,  *'  are  the  coxad  of  limbs." 

In  discussing  the  question  of  the  anterior  and  posterior  ends  of 
Cyclu8,  as  raised  by  Peach,  the  following  points  must  be  taken  into 
consideration : — 

1.  The  large  pair  of  jointed  appendages  at  one  end,  when  taken 
in  conjunction  with  the  entire  absence  of  any  prolongation  of  the 
body  beyond  the  circular  shield  at  either  end,  suggests  that  this  is 
the  head,  and  that  these  appendages  represent  a  pair  of  swimming 
antennas  (ant.  2),  similar  to  those  of  the  Phyllopoda. 

2.  This  is  further  strengthened  by  the  arrangement  of  the  radiating 
ventral  plates  at  the  opposite  end  of  the  body,  which  Peach  suggests 
are  enlarged  coxce.  If  the  homology  be  the  true  one,  which  seems 
probable,  then  a  comparison  either  with  Arachnida  or  Crustacea, 
results  in  the  same  conclusion,  for,  in  any  of  these  Arthropods, 
where  the  limbs  converge  towards  the  mouth,  or  towards  the  sternum, 
we  find  them  tending  to  meet  in  the  middle  ventral  line,  behind 
these  structures,  and  not  in  front,  as  would  be  the  case  in  Cydus  if 
Peach's  view  as  to  the  anterior  end  of  the  body  were  the  right  one. 

3.  The  Eye. — A  (paired)  small  appendage,  having  somewhat  the 
form  of  a  stalked  eye,  but  showing  no  facets,  is  present  near  the 
anterior  margin  of  the  shell  (see  PI.  XV.  Figs.  7,  8). 

Appendages. — The  first  visible  appendages  consist  of  one  large 
jointed  pair,  extending  outwards  from  the  anterior  end  of  the 
carapace.  They  suggest,  from  their  position  and  development,  the 
second  pair  of  antennad  of  the  i^atip/ttM-stage  of  the  Phyllopoda,  or 
of  the  adult  Cladocera.     No  special  mouth- parts  are  visible. 

The  remaining  appendages,  which  possibly  represent  both  the 
jaw-parts  and  anterior  thoracic  limbs  of  the  higher  Crustacea, 
appear  to  be  6-7  in  number,  each  of  which  was  provided  with  a 
greatly- developed  basal  joint  radiating  outwards  from  the  mid-line, 
and  probably  had  a  wide  attachment,  which  may  account  for  their 
remaining  in  situ.  The  enlarged  joints  of  the  legs  pressed  against 
one  another,  and  covered  the  ventral  surface  of  the  body  everywhere, 
save  in  the  centre,  which  was  occupied  by  a  V-shaped  plate,  towards 
the  pointed  extremity  of  which  all  the  basal  joints  of  the  limbs 
converge.  Distally  each  limb  presents  two  small  plates.  The  rest 
of  the  limb  is  lost  in  most  specimens. 


034  Dr.  H.  WpeAtm-d^O*  Oe  Omm  C^eUm. 

One  ipaoinien,  howerer  {diiooTered  WBOBgrt  thoM  obtaiatd  \j 
Ht.  Stock  from  Eckdmle),  boaidM  «zhtIritiiiK  %  nnmbar  of  tngafMa 
of  appendagm,  aoatterad  irregal&rlj  otot  the  •urfiKio  of  tlu  nattix, 
■horn  one  of  the  middle  limba  in  pontion,  itiU  atteofaod  to  n  ihUld 
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Fio.  i.—Ogthit  MiftiA,  P*Mh ;  LangkolM.    SoUrpd  4  tinea  Bataml  abi. 
a.  Ou  of  tba  binaunu  tmimnaag-la^  whkh  iwiiiw  attaehad  im  lUm.' 
t.  Baaa  of  ■notba  appaadafs,  brokaa  oA  oloM  to  tha  adga  of  tba  ifcwll, 
of  Cyelw  fMlndo.    This  limb  ii  »  typical  blTMnoiu  appendage^  mA 
■8  we  find  in  the  tower  Omataoea,  and  peniating  M  tfae  awimmerata  ia 
the  Deoapoda ;  that  tjpe  of  limb,  in  fast,  whie£  ia  generallj  bdiered 
to  have  been  the  moat  primitive  form,  and  whitdt  ia  only  a  ah'gkt 
modifioation  of  the  typical  Fhyllopod  limb.    The  nnmeioDi  brakcn 
fhigmenta  of  appendagea  aoattered  over  the  Burfaoa  of  the  matrix 
appear  to  have  been  of  the  same  kind.    We  may,  therefore,  ooocloda 
it  IB  moat  probable  that  the  oral  and  poet-oral  appendagaa  of  Cfda 
■  were  all  of  the  aame  type,  i.e.  aimple  awimming-lega. 

The  V-shaped  mediao  plate  between  the  baeea  of  the  appendigta 
must  either  be  the  coalesced  atemites,  or  an  enormonsly  developed 
labrnm.  Against  the  first  view  we  have  the  fact  that  this  atrootDra 
is  apparently  continued  without  a  break  op  to  the  anterior  margia 
of  the  ventral  surface,  thus  giving  no  place  for  the  month. 

If,  as  the  presence  of  the  large  antennie  Etnd  the  swimming-legs 
prove,  Cselus  is  a  Crustacean,  then  we  should  naturally  eipect 
to  find  a  labrum ;  and  aa  there  ia  no  other  median- lobe- lika 
development  of  the  ventral  integument,  we  mnet,  I  think,  conolnde 
that  the  structure  represents  an  enormously  developed  labmm,  and 
that  the  mouth  opened  at  the  posterior  extremity  of  that  straoture 
— an  exaggeration  of  what  is  met  with  in  the  Clodocero,  where  ths 
mouth  opens  well  back  in  the  shell  under  cover  of  a  great  labrum. 
This  would  be  further  strengthened  by  the  convergence  of  tha 
baaea  of  the  limbs  towards  its  posterior  border,  a  condition  similar 
to  that  met  with  in  Limulut  (and  supposed  by  Bernard  to  have  been 
the  primitive  condition  of  the  jnw-parla  of  all  Crustacea),  theu 
bases  serving  probably,  as  in  Limulut,  as  masticatory  oigana, 

Affinilie», — The  presence  of  antenns  and  birauioua  awimming- 
legs  prove  undoubtedly  that  Cycht  was  a  Crustacean.  The  largs 
size  of  the  former  and  the  homogeneous  nature  of  the  rest  of  lbs 
appendages  (all  biramoua  swimming-legs,  with  possibly  mastiostoTy 

'  The  branfhiDg  of  ths  two  rami  may  be  due  to  rod-like  depodtB  of  lim«  in* 
paddle -ahajied  Do,  two  such  Btructurea  bems  attacbed  to  etch  limb,  repreoentiif  tbi 
andopudite  and  eiopodite.    i.  lUght  indication  of  thk  ii  naible  in  Uia  ^ecameB. 
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bases) » taken  in  oonneotion  with  the  large,  Blightly-bivalved  carapace, 
suggest  that  it  is  an  Entomostraoan  and  probably  one  of  the  Phyl- 
lopoda,  with  a  broad  cephalic  carapace  like  that  possessed  by  Apus 
and  by  Daphnia ;  with  large  swimming  second  antennsd  like  the 
latter,  and  possibly  with  a  pair  of  stalked  eyes.  Cyclus,  however, 
differs  from  the  Cladocera  in  being  flattened  dorso-ventrally,  and 
from  the  lowest  Crustacea  in  not  apparently  possessing  any  true 
jaw-parts — the  head,  with  the  labrum  and  mouth,  being  bent 
further  back  than  in  the  living  Entomostraca.  These  differences 
may  either  indicate  very  lowly  characters  or  very  much  specialized 
ones.     Two  views  suggest  themselves : — 

(1)  That  these  animals  were  small,  free-swimming  Phyllopods, 
with  expanded  cephalic  shield,  swimming  second  antennas,  and 
biramous  limbs,  the  bases  of  which  served  as  masticatory  organs, 
no  true  jaws  having  yet  been  developed ;  the  beickward  position  of 
the  mouth  may  have  been  brought  about  in  order  to  allow  as  many 
appendages  as  possible  to  serve  as  jaws,  as  is  seen  in  lAmulus, 
Or,  possibly,  the  beast  could  attach  itself  like  a  living  Daphnia  by 
a  cement  gland  on  the  dorsal  side  of  the  head,  in  which  case  it 
might  be  an  advantage  to  have  the  mouth  as  near  the  freer  end  as 
possible  and  close  to  the  swimming-legs,  which  were,  by  their 
movements,  producing  the  foot-currents. 

(2)  The  other  view  is  that  these  animals  were  ecto-parasitio 
Phyllopods,  although  they  had  not  lost  their  power  of  free- 
movement,  yet  had  become  specialized  in  the  form  of  their  body, 
which  is  flattened  ventral ly  and  only  slightly  convex  above,  the 
whole  animal  being  expanded  horizontally,  unlike  most  other 
Phyllopods.  This  view  might  account  for  the  two  large  round 
structures  seen  on  the  ventral  surface  (PL  XV.  Fig.  8),  situated  one 
on  either  side  of  the  body,  and  close  to  the  anterior  margin  of  the 
shell.  These  might  possibly  represent  a  pair  of  ventral  suckers, 
such  as  are  seen  in  the  modem  fish-lice ;  these  structures,  what- 
ever they  may  be,  are  evidently  enormously  developed,  and  possess 
great  muscles,  which  produce  prominent  modifications  of  the  dorsal 
shield,  where  they  are  attached  (PI.  XV.  Figs.  8-6).  The  great 
labrum  might  possibly  represent  the  suctorial  tube  of  ArguluSf  under 
cover  of  which  are  concealed  the  reduced  mandibles,  eta 

Some  of  the  specimens  show  curious  oblique  scars  on  the  coxes 
of  the  legs,  which  may  indicate  the  points  of  attachment  of  spines 
or  setsa  to  enable  the  parasite  to  stick  to  its  fishy  host. 

The  following  notes  refer  to  the  specimens  figured  on  Plate  XV. 

1. — Cyolus  Jonesianus,   H.   Woodward.      PI.  XV.  Figs,  la,  16. 

X  3  times  natural  size. 

Cyelua  JonuianuM,  H.  Woodw.,  1870.     Geol.  Mao.  Vol  VII.   pp.   667-658, 

Woodcut,  Figs.  1  and  2. 
Cyelu8  JoneaianuSy  H.  Woodw.,  1878.     Hon.  Pal.  Soc.  vol.  xxxii.  Fossil  Mero- 

stomata,  part  ▼.  p.  264,  pi.  xxxii.  figs.  46a,  b, 

I  was  at  first  inclined  to  the  opinion  that  the  specimen  x)f  Cyclus 
lent  to  me  by  my  friend  Dr.  John  Young  of  Glasgow  (see  PI.  XV. 
Figs,  la,  16),  was  a  new  species ;  but  after  having  carefully  oompaied 
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it  with  thmt  aliMdy  flgnxed  in  thii  MAOAStra  (18T0^  Woodoet; 
p.  658),  from  the  ooUeoltoii  of  Mr.  Jo«ph  Wright  of  Bdfi«t  ^ 
obtainad  by  him  from  the  Oftrboniferous  LSmeetone  of  Little  Iiliiid, 
Oork,  end,  making  ellowanoe  for  lome  iliglit  Taiiatioii  batifeen  the 
two  apedmene,  doe  to  their  different  state  of  pieaei^atioii,  I  tm 
oompelled  to  oonolude  that  they  are  both  lemmldo  to  the  Mme 
apeoies,  namely,  C  Joaettoiiiif . 

Dr.  Yomu't  ^eoimen  metforai  8  millimMni  in  loigfli.  7  anB.  fa  Inaitt,  ni 
4miii.  in  lie^lit  The  enrnptoe,  whieh  ii  fiaalr  cnaelalu  all  ovar  ili  larfMi^  ii 
diiided  akn^  tfaa  aatflrior  bwdflr  into  five  roanaM  lobai  of  Biiailfaq[Bal  aM,  lom- 
ing  a  Mmidrdo,  niching  almoft  to  tfao  HMigin  of  the  ihkld.  Thisiddloinftol 
tho  eonmooe,  ondooed  by  thcte  five  eaoiieliag  kbeo,  k  AfldBd  down  the  uaAn  bf 
the  donu  line,  that  forming  a  pair  of  oUoag,  eomowbat  peaAagooal  Ibbfli,  eapeaftn 
only  hj  the  mediAa  Kne ;  Mund  theae,  again,  ia  a  laaaar  amMiiad  aabaoangabr 
lobe,  with  iia  baae  directed  f orwarda  and  hanng  a  raiaad  roonaed  boaa  in  iti  cealra. 
The  hinder  and  araator  half  of  the  carapace  ia  ocenpied  br  two  larsa  lobea,  fonmit 
toaether  a  aemicircle,  bat  dinded  down  the  meaaf  line  by  the  wall-nuifced  doml 
rioffe  which  eztenda  to  the  poaterior  border.  The  vpper  and  more  eentnl  put  of 
eaca  lobe  ia  marked  by  a  ali^t  eenudrBnlar  farrow  onridiag  fidntiy  thia  inaar  aid 
more  elevated  pcition  of  the  Siidd  from  the  lower  and  ontar  enoiRdiiur  bord«.  The 
two  minate  dcpreawioM  obaerred  in  lb.  Wright'a  qpedmen,  one  oo  eiuier  aide  cf  the 
dorsal  ridge,  at  the  Tortez  of  the  diield,  are  not  riaible  in  Dr.  Toniia*a  neeaem, 
being  probably  oofwed  by  a  ahelly  layer,  which  had  been  reoayYed  in  Mr.  wn^i 
Irieh  example. 

Fi>rmiUum. — Gaiboniferoae  limeatone. 

XeaalilMe.— little labmd,  Cork;  and  Tireame,  Beith,  Ayiddia. 


2.— OroLva   sAoiAua,  Phillipa,  ap.  ^  PL  XY.  Ilg.  8.     x  4  timei 

natural  aize. 

Agno9tu9  radialit^  Fhillipe,  1836.    Oeol.  Torks.  toI.  ii.  t.  xxii.  fig.  25. 
Cyelu9  radialU,  H.  Woodw.  and  J.  W.  Salter,  1865.     Cat.  and  Chart  Yom, 

Crustacea,  p.  15,  fig.  14. 
Cychu  radialitf  H.  Woodw.,  1868.    Brit.  Assoc.  Bept.  p.  75,  pi.  ii.  tg,  i. 
Cyelui  radialis,  H.  Woodw.,  1870.      Gbol.   Mao.  Vol.   YII.  PI.  XXUL 

Figs.  2  and  2a,  p.  657. 

Dr.  John  Toung,  F.G.S.,  of  the  Hunterian  Maseum,  Glasgow 
University,  very  kindly  submitted  the  small  specimen  to  me,  which 
is  drawn  (PI.  XY.  Fig.  2),  as  probably  a  new  species;  but,  after 
comparing  it,  1  am  of  opinion  that  it  should  be  referred  to  Phillipe's 
Cyclua  radialis.  The  specimen,  which  is  imperfect  around  the 
border,  is  from  the  Carboniferous  Limestone  of  Beith,  Ayrshire,  and 
is  attached  to  a  portion  of  a  frond  of  Ptihpora  or  Fenestella, 

The  carapace  measures  6  millimetres  long,  by  o  mm.  broad.  As 
it  is  less  perfect  than  the  type  it  is  needless  to  give  a  fresh  descrip- 
tion of  it  here. 

Formation, — Carboniferous  Limestone. 

Localities, — Little  Island,  Cork;  Bolland  and  Settle,  Yorkshire; 
Treame,  Beith,  Ayrshire ;  Vise,  Belgium. 

8.— Cyolus  Scotti,  H.  Woodw.   PL  XV.  Fig.  8.    x  twice  nat  size. 

Cyelu9  Seotti,  H.  Woodw.,  1893.     Gbol.   Mao.   Dec.  III.  Vol.  X.  p.  28 

(Woodcuts  A,  B). 

Notwithstanding  the  difference  in  the  size  between  Mr.  Scott's 
apecimen  from  the  Goal-measiirea  of  Bacup  and  Fig.  3,  from  Mr. 
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Heniy  Johnson's  oolleotion  from  Oosele;,  near  Dudley,  I  am  inclined 
to  refer  them  both  to  the  same  speoiaB. 


Fio.  S. — Cvebti  Seotti,  H.  Woodw.,  LoiT«r  Coal-mMforM,  Bacnp,  Luicaahira. 

A.  SaiBsl  upect  of  carapMe  (nat.  nze). 

B.  A  portion  of  the  left  poateiioi  border,  mtgnifled  tc  show  onumentetioil. 
[See  QioL.  Has.  18B3,  Deo.  III.  Vol.  X.  p.  28,  for  fuU  ducription.] 

Length  of  Bacup  specimsn  30  millimitm  long  and  !S  mm.  broad. 

„  ofCtuelej  „  10  miUimMrea  „  *ad  13  min.  „ 
The  moat  atriking  feature  about  this  epecimen  is  the  very  strongly 
aooentuated  raised  circular  lines  which  give  quite  a  character  to  this 
form,  and  also  the  very  steep  acclivity  to  the  outer  margin  of  the 
shield,  save  at  the  anterior  border,  which  is  marked  by  indistinctly 
preserved  oval  promiuenoes. 

As  this  species  was  so  recently  desoribed  (1893)  in  thia 
Hagazihi,  it  may  be  sufficient  to  point  out  that  in  our  Plato 
XV.  Fig.  3  the  anterior  border  does  not  show  the  two  inner  oval 
prominences  noticeable  in  C.  Seotti  (see  Woodont  above),  and  which 
are  very  distinctly  marked  in  Cyelua  (Halicgne)  agnotvt,  H.  von 
Meyer,  sp.,  from  the  Musohelkalk  of  Bottweil,  Germany  (see  Oeol. 
Maq.  1870,  Vol.  VII,  PI.  XXIII.  Fig.  8),  a  form  that,  in  some 
reepeots,  comes  near  to  our  Coseley  Cyclut.  The  ornamentation  on 
the  surface  of  (he  carapace  has  a  siiailar  finelygraoulatod  appearance 
in  both  specimens,  and  the  eaoiroling  ridges  in  both  are  very 
strongly  marked. 

Formalion. — Pennystone  Ironstone  of  the  Coal-measures. 
Loealitita. — Coseley,  near  Dudley,  Staffordshire,  and  Baoup,  Lan- 
cashire. 

4.  CTCLDfl  JoHNSOBi,  H.  Woodw.,  Sp.  nov.  PI.  XV.  Figs,  i,  5,  G,  7. 
I  have  ventured  to  place  the  four  examples  (Figs.  4-7)  and  some 
others  not  figured,  all  from  the  "  Pennystone "  ironstone  of  the 
Coal-measures,  Coseley,  near  Dudley,  in  one  species.  Fig.  i  exposes 
the  outer  dorsal  surface;  Figs.  5,  6,  7  (which,  like  the  preceding 
Fig.  4,  are  all  drawn  twice  the  natural  size)  show  the  dorsal  shield 
more  or  less  removed,  especially  over  the  central  part,  revealing 
the  fact  of  the  similarity  of  all  three  species  on  ike  undertide  to 
C.  Bankini  (PI.  XV.  Fig.  6).  I'he  following  are  the  measurements 
of  the  four  figured  examples : — 

Fig.  4.    Length,  U  mm Breadth,  IS  mm. 

Fig.  6.       „        U    „      „       18    „ 

Fig.  8.        „         12    „       „        18    „ 

Fig.  7.        „        13    , „        16    „ 
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Spec  ehar. — Gtnpioa  xomidacl,  width  aomowliafc  gratte  fim 
length,  broader  and  flatter  in  ftimt,  nanower  behind,  and  witb 
a  shallow  loonded  indentation  at  the  omtve;  haying  a  broid  and 
well-marked  flattened  rim,  followed  by  a  ooneaponding  ehallov 
depreaaion  around  the  lateral  and  poatorior  borden;  front  border 
tumid,  with  two  (or  more?)  raised  rounded  or  ovoid  prominencei; 
oarapaoe  with  a  median  dorsal  ridge  rsaohing  from  the  posterior 
border  rather  more  than  half  way  up  the  oentio  of  the  shield, 
then  bifurcating  so  as  to  embraoe  a  triangular  mo&,  whioh  wideoi 
out  to  the  antericNr  border;  oarapaoe  wiUi  modeimtel;|r  raised  and 
roundly  swelling  side-lobes  (not  strongly  rid(|ed  as  m  CL  Aeotfi) 
and  with  a  pair  of  smaller  oUong  fisutly  xaiaed  lobes  next  the 
median  ridge. 

Appendage; — ^These  consist  of  a  pair  of  rather  stout  sntennn 
(probably  the  second  pair  of  antennee),  showing  about  four  jointi 
on  eaoh  side,  the  rest  having  been  broken  o£  These  are  seen  oa 
Figs.  4  and  5,  and  faintly  on  Fig.  6. 

Ejfee. — Fig.  7  shows  traces  of  two  small  eyes  ooon^ing  the 
same  rdative  position  as  the  one  seen  more  distinctly  m  Ilg.  8 
{C.  BaftUat),  and  which  appears  to  be  pedunculated. 

The  under-surface  of  the  animal  is  partly  exposed  in  Figa  5, 6, 
and  7  by  the  accidental  removal  of  a  part  of  the  dorsal  surfooe 
of  the  carapace  which  remained  adhering  to  the  other  half  of  the 
olay-ironstone  nodule  when  it  was  split  open. 

In  each  of  these  examples,  the  converging  bases  of  6-7  pairs  d 
gnathopodites  are  seen  uniting  mesially  behind  the  V-shaped  onl 
area  (already  referred  to  on  p.  538)  the  median  ridge  behind 
which  may  indicate  the  posterior  prolongation  of  the  straight 
alimentary  canal. 

In  all  these  specimens,  the  bases  of  the  limbs  have  a  very  dose 
agreement  with  C.  Bankini  (PI.  XY.  Fig.  8).  In  Fig.  5  there  is 
a  slight  indication  of  the  base  of  an  appendage  on  the  central 
postenor  border,  which  may  have  been  part  of  a  tail-spine;  bat 
it  has  not  been  obsei'ved  in  the  others.  Wherever  the  surface  is 
preserved  there  is  a  fine  granular  ornamentation  observable,  more 
especially  in  the  hollow  formed  within  the  broad  flattened  rim  that 
surrounds  the  greater  part  of  the  shield.  Fig.  7  is  distinctly  more 
rounded  in  outline  than  the  others,  and  may  possibly  belong  to 
another  species. 

I  have  dedicated  this  form  to  the  memory  of  the  finder,  the  late 
Mr.  Henry  Johnson,  F.G.S.,  to  whose  labours  as  a  geologist  in  the 
Dudley  area  we  are  so  largely  indebted  for  our  knowledge  of  tbe 
fossil  fauna  and  flora  both  of  the  Coal-measures  and  the  Wenlock 
Limestone. 

I  must  not  omit  to  record  my  thanks  to  my  son,  Mr.  Martin 
Fountain  Woodward,  of  the  Biological  Laboratoiy  in  the  Boyal 
College  of  Science,  for  much  valuable  aid  in  the  examination  of 
these  minute  specimens,  and  to  my  daughters  for  their  exoelleDt 
figures  in  illustration  of  this  and  so  many  other  papers  which  have 
appeared  in  this  Magazimx. 
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EXPLANATION   OF  PLATE  XV. 

Fio.  la,  h.  Oyeltu  Jonnianut,  H.  Woodw.  (1870).     x  3  times  nat.  size.    Fig.  lb. 

Lateral  view.  Carboniferous  L.  Treame,  Beith,  Ayrshire. 
Coll.  Dr.  John  Toung,  F.G.S.,  Glasgow. 

Fzo.  2.  Oyelui  radiali$y  Phillips,  sp.  (1836^.     X  4  times  nat.  size.    Dorsal  yiew. 

Garb.  L.  Trearne,  Beith,  Ayrshire.  CoU.  Dr.  John  Young, 
F.G.S.,  Glasgow. 

Fzo.  3.  Obelus  Scottiy  H.  Woo^.   (1893).      X  twice  nat.  size.     Dorsal  yiew. 

Clay-ironstone  nodule,  Coal-measures,  Coseley,  near  Dudley, 
Staffordshire. 

Fios.  4,  5,  6,  7.  Cyelu*  Johnsoni,  H.  Woodw.  (1894).      X  twice  nat.  size.     In 

Pennystone-ironstone  nodules,  Coal-measures,  Coseley,  near 
Dudley. 

Fig.  4.  Dorsal  yiew,  showing  (2)  antenna  on  right  side  and  surface  of  shield. 

Fio.  5.  Dorsal  view,  showing  parts  of  a  pair  of  antennse  (imperfect),  and  trace  of 

tail-spine.  Dorsal  snield  partly  decorticated,  showing  con- 
verginff  bases  of  limbs  and  labrum  ? 

Fio.  6.  Dorsal  yiew  of  shield,  partly  decorticated,  showing  under-surface  and  traces 

of  bases  of  antennae. 

Fio.  7.  Dorsal  yiew,  decorticated,  showing  bases  of  limbs  and  traces  of  small  eyes 

(pedunculated?). 

Fios.  3-7  are  from  the  late  Mr.  Henry  Johnson's  Collection,  now  in  the  Geological 

Department  Collection  of  the  British  Museum  (Nat.  Hist.), 
Cromwell  Road,  London,  S.W. 

Fio.  8.  Cyelua  Rankiniy  H.  Woodw.  (1868).     X  three  times  nat.  size.    Dorsal 

aspect  of  shield  showing  6-7  paired  bases  of  limbs  conyerging 
upon  labrum ;  each  limb  giyin^  rise  to  a  biramous  swimmine 
or  other  appendage  (see  Woodcut  in  text,  p.  634).  A  smau 
eye  (pedunculated?)  is  seen  in  front  on  the  right  side  and 
traces  of  an  antenna  ? ;  also  impression  for  muscles  of  sucker- 
attachment?  Coal-measures,  Carluke,  Lanarkshire.  Hunt^rian 
Museum  Coll.  Uniyersity  of  Glasgow. 

n. — Physiographioal  Studies  in  Lakeland. 

By  J.  E.  Mabr,  M.A.,  F.E.S.,  Sec.G.S. 
2.    SWINDALE.* 

TO  the  west  of  the  London  and  North- Western  Railway,  after  it 
has  surmounted  the  incline  of  Shap  Fells,  lies  the  valley  of  the 
Biver  Lowtber,  which  eventually  flows  into  the  £amont,  which  in 
turn  drains  into  the  Eden.  The  Lowther,  flowing  in  a  general 
northerly  direction,  receives  the  drainage  of  three  important  streams, 
coming  from  the  south-west.  The  first  of  these  flows  through  the 
valley  of  Wet  Sleddale,  just  north  of  the  Fells,  which  exhibit  the 
exposures  of  the  Shap  Granite.  It  is  lettered  W.S.  in  Fig.  1.  The 
second,  Swindale  (S.  Fig.  1),  the  subject  of  this  paper,  joins  the 
Lowther  stream  at  Hossgill  Hamlet,  about  two  miles  north  of  Shap 
Village,  whilst  the  third,  Haweswater  Beck  (H.B.  Fig.  1),  flows  out 
of  Haweswater  (H.  Fig.  1)  and  joins  the  Lowther  at  Bampton. 

Proceeding  up  Swindale  from  Hossgill,  we  follow  the  road  over 
Bossgill  Moor,  a  barren  tract  of  country  occupied  by  Skiddaw  Slates, 
to  Swindale  Foot,  near  which  the  Borrowdale  Volcanic  Group 
appears,  and  causes  the  fine  cli£f  scenery  which  marks  the  upper 
part  of  Swindale.  The  road  proceeds  at  the  foot  of  these  olifi's  to 
Swindale  Head,  a  farm  about  four  miles  from  Hossgill,  and  a  little 
below  the  semicircular  line  of  cliff,  which  has  been  a  prominent 

1  For  No.  1,  "  Church  Beck,  Coniston,"  see  Geol.  Mao.  November,  p.  489. 
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object  dmiiig  our  wftik,  tad  whkh  hen  i^qpeni  to  doM  up  tb 
▼alley :  of  this  more  eaon. 

On  the  side  of  the  etxeem,  opposite  Swindale  Heed  Ikm,  i 
ptominent  diff  known  as  the  Knott  (BL  Fig.  2)  rieee  op  fron  tb 
▼eiley ;  its  top  is  well  ioe-wom^  bat  the  lower  pert  of  die  bBK 
ptoteotod  from  the  ioe  flowing  down  the  ▼nll^v  is  long^  vA, 
engalar.  To  the  south  of  the  fann  we  oome  •oroes  a  fine  aionnN^ 
whioh  has  onoe  blooked  the  drainage  and  formed  %  lakob  now  ooa- 
Terted  into  a  maish,  called  Bod  Bottom.    Tliia  monine  is  hem  maa 
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Fio.  1. 

to  hare  plastered  the  south  side  of  the  Knott  (i.e.  the  side  facing  the 
direotion  from  which  the  ioe  came),  so  that,  bat  for  the  appearance 
of  two  ioe- worn  knobs  of  rook  at  the  top,  anyone  ooming  down  the 
valley  might  suppose  that  the  Knott  was  entirely  composed  of 
moraine-matter.  Just  south  of  the  Knott  is  a  large  boulder,  known 
as  the  Simon  Stone.  So  much  for  one  of  the  prettiest  exhibitions  of 
glacial  action  to  be  found  in  the  district ;  let  us  now  return  to  the 
structure  of  the  valley,  apparently  hemmed  in  by  cliffs  at  its  head. 
The  great  cliffs  south  of  Swindale  Head  are  reft  down  the  middle 
by  a  narrow  gulley  (having  the  far  from  euphonious  name  of 
Hobgrumble  Gill),  down  which  a  small  stream  pouns  from  the  hill 
known  as  Howes,  of  whioh  these  cliffs  form  the  north  face.  The 
main  stream,  however,  enters  the  valley  from  its  east  aide,  descend- 
ing the  cliffs  in  a  series  of  waterfalls,  which,  notwithstanding  the 
volume  of  water,  have  done  very  little  work  in  the  way  of  cutting  a 
valley.  This  part  of  the  stream  is  called  "  The  Forces  "  (F.  Fig.  2). 
Climbing  to  the  top  of  it  we  enter  a  desolate  part  of  the  valley, 
up  which  we  walk  for  about  a  mile  in  a  southerly  direction,  after 
whioh  it  turns  sharply  to  the  left  and  proceeds  for  nearly  two  miles 
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towards  the  soath-weet  to  its  head,  at  the  pass  separating  it  from 
Long  Sleddale.  ThU  upper  part  of  the  valley  ia  known  as  Hose- 
dale.  It  is  a  very  different  valley  from  that  of  Swindale  proper, 
being  dreary  in  the  extreme,  and  having  its  door  largely  ohoked  np 
with  peat.  The  col  separating  it  from  Long  Sleddale  ia  1661  feet 
•hove  sea-level,  that  whioh  divides  it  from  Wet  Sleddale  about 
1640  feet.  An  inspection  of  the  map  suggests  at  onoe  that  Hose- 
dale  may  onoe  have  formed  the  upper  part  of  Wet  Sleddale  (see 
Fig.  2),  of  which  it  is  a  direct  oontinuation,  whilst  the  course 
whioh  the  stream  now  takes  to  reach  Swindale  proper  is  decidedly 
remarkable. 

Jf  we  walk  np  the  Uosedale  Valley,  abont  as  far  as  Hosedale 
Cottage,  and  look  back  at  the  col  separating  this  valley  from  Wet 
Sleddale  (F.C.  Fig.  2),  a  remarkable  appearance  is  seen:  the  ool  ia 


Fio.  2. 


perfectly  flat-topped  for  a  considerable  distance,  like  part  of  an 
alluvial  plain.  My  colleague,  Mr.  Barker,  remarked  to  me,  when 
we  were  in  this  valley,  "  that  is  the  most  curious  watershed  I  ever 
saw."  As  the  appearance  might  have  been  deceptive,  I  visited  the 
valley  again  this  year,  and  made  a  close  examination  of  this  water- 
shed.  Beaohing  the  summit,  it  is  found  to  be  perfectly  level  for 
some  scores  of  yards  across.  It  has  a  covering  of  four  or  five  feet 
of  peat,  which  rests  on  a  olayey  mass  containing  numerous  stones. 
On  the  Hosedale  side  this  superficial  accumulation  extends  to  within 
about  thirty  feet  of  Musedale  Beck,  though  it  may  actually  fill  a 
narrower  channel  much  nearer  to  the  level  of  the  Beck.  On  the 
Wet  Sleddale  side  the  ground  sinks  gradually  as  a  peat-covered 
alope  for  about  half-a-mile,  and  the  nature  of  the  slope  indicates 
that  it  is  composed  of  drift  beneath  the  peat  The  point  where  rook 
first  appears  below  this  tract  in  the  Wet  Sleddale  Valley  is  at  a 
lower  level  than  that  part  of  Hosedale  Beck  adjoining  the  coL 

It  aeeme  impossible  to  avoid  the  conclusion  that  the  material 
underlying  this  flat-topped   watershed  was   deposited   by  water, 
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though  at  first  tight  the  dtffioolty  of  gettii^  a  •beet  of  viter  otfar 
than  the  sea  at  a  point  now  forming  the  watershed  hetwesu  two 
valleys  appears  great  Farthermore,  the  distribatioii  of  the  siip» 
ficial  deposits  leads  one  to  infer  that  if  th^  were  entirely  rsmofsd, 
we  should  find  the  Mosedale  Valley  prsotioally  oontiniioos  widk 
that  of  Wet  Sleddale.  How,  then,  is  the  nature  of  this  ool  to  bs 
aooounted  for  ? 

Its  extreme  flatness  forbids  the  idea  that  it  ia  a  dxy  cUia 
brought  down  during  violent  floods  bv  the  Little  Mosedals 
stream  (L.1L  Fig.  2),  which  seems  the  easiest  esplanslioB. 
Moreover,  the  material  beneath  the  peat  is  not  of  the  obaiaetg 
whidi  we  should  expect  on  this  supposition.  The  mixture  of  sfeOMi 
and  very  fine  clay  suggests  deposit  in  still  water,  oombined  widi 
the  sgency  of  ice,  but  the  occurrence  of  a  trsot  of  still  water  in  i 
position  now  occupied  by  a  col  between  two  valleya  neoessitstai 
the  existence  of  two  barriers,  one  between  Mosedale  and  Swindsb 
proper,  the  other  in  Wet  Sleddale  below  the  peat-covered  slope.  If 
the  Mosedale  Valley  were,  as  it  appears  to  have  been,  at  one  time 
a  continuation  of  Wet  Sleddale,  sn  ordinaiv  barrier  of  rook  (possiUy 
somewhat  rotten,  as  is  often  the  case  on  the  ridges  of  Uiis  district) 
would  intervene  between  it  and  Swindale,  but  no  such  barrier  esn 
have  existed  lower  down  Wet  Sleddale,  and  the  only  possible  bairiflr 
in  this  direction  which  would  produce  the  required  eflbots  is  one  of 
tee.  A  mass  of  ice  crossing  the  Wet  Sleddsle  Valley  in  its  lower 
part  would  pond  back  the  waters  of  the  upper  part  of  the  valley 
(including  what  is  now  Mosedale)  and  oonvert  it  into  a  lake.  The 
water  of  this  lake  would  escape  over  the  lowest  point,  which  was 
probably  situated  in  Mosedale  a  little  below  the  present  col  between 
It  and  Wet  Sleddale;  this  ool  must  have  been  more  than  1540  feet 
high  (the  height  of  the  flat-topped  col),  and  must  have  been  less  than 
1661  feet  (the  height  of  that  between  Mosedale  and  Long  Sleddale). 
The  water  thus  switched  o£f  into  Swindale  would  cut  out  the 
portion  of  the  valley  now  running  north  and  south  between  the 
alluvial  col  and  the  Forces.  As  the  stream,  at  the  point  where 
the  ridge  between  Mosedale  and  Swindale  is  supposed  to  have 
existed,  is  about  1800  feet  high,  an  erosion  of  less  than  200  feet 
is  required,  which  could  be  readily  performed  during  the  period 
which  has  elapsed  since  the  existence  of  the  ice-danu  Granting  the 
formation  of  this  ice-dammed  lake,  we  have  all  the  requisites  for 
the  formatiim  of  the  flat-topped  watershed  of  superficial  detritus. 
The  line  clay  would  be  derived  from  melting  icebergs,  as  would 
also  some  of  the  stones  with  which  it  is  mixed,  whilst  others  would 
be  brought  into  the  lake  by  the  Little  Mosedale  stream  to  form  a 
subaqueous  delta,  which  would  eventually  extend  right  across  the 
lake  and  out  it  in  two,  thus  entirely  separating  what  is  now  Mosedale 
from  Wet  Sleddale,  and  diverting  its  waters  into  Swindale.  If  the 
large  volume  of  water  which  now  runs  over  the  Forces  has  been 
thus  diverted  in  that  direction,  comparatively  recently,  this  will 
account  for  the  insignificant  groove  which  those  waters  have  cot 
i      out,  whereas,  if  Mosedale  had  always  been  part  of  Swindale,  it 
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woald  be  diffioult  to  aooonnt  for  this,  and  for  the  great  difference 
in  height  between  the  upland  Mosedale  and  the  lowland  Swindale 
Yalley. 

Bat  how  could  a  barrier  of  ice  move  across  Wet  Sleddale  in  a 
direction  at  right  angles  to  the  trend  of  the  valley,  which  points 
towards  the  centre  of  the  Lake  District  ?  Such  a  barrier  must  have 
originated  either  to  the  south  (on  the  Shap  Fells)  or  to  the  north. 
It  can  hardly  have  heen  from  the  south,  for  the  highest  point  of 
Shap  Fells  is  only  1852  feet  ahove  sea-level;  that  is,  less  than 
300  feet  above  the  top  of  the  required  ice-harrier,  and  less  than  two 
miles  to  the  south  of  it  There  are,  however,  further  reatons  for 
believing  that  the  ice  did  not  come  from  the  south  hut  from  the 
north,  and  that  the  ice- barrier  which  blocked  Wet  Sleddale  was  the 
western  part  of  the  Scotch  ice,  which  occupied  the  Eden  Valley,  and 
carried  boulders  of  Cri£fel  granite  Over  Stainmoor,  or  ice  from  the 
north  end  of  the  Lake  District  pushed  south  by  this  Scotch  ice.  As 
the  existence  of  this  ice  mass  in  the  Shap  area  is  a  matter  of  some 
importance.  I  propose  to  consider  the  evidence  for  it  in  detail. 

In  the  Fifth  Appendix  to  the  late  Prof.  Carvill  Lewis'  valuable 
''  Glacial  G^logy  of  Great  Britain  and  Ireland,"  Mr.  Kendall  refers 
to  the  transport  of  boulders  of  Shap  granite  over  Stainmoor,  and 
also  to  the  north  towards  Penrith,  and  to  the  south  vid  Hest  Bank 
and  Lancaster,  and  observes :  "  This  remarkable  distribution  appears 
to  me  to  point  very  clearly  to  the  action  of  land-ice,  and  the 
dispersal  in  these  directions  may  be  accounted  for  partly  by  the  fact 
that  Shap  Fell  was  the  ice-shed  (which  is  indicated  by  the  strisd) 
as  it  is  now  the  watershed ;  and,  so  far  as  its  Yorkshire  distribution 
is  concerned,  by  the  action  of  the  land-ice  from  Cri£fel,  which  was 
driven  np  the  Solway  Frith  and  the  Yale  of  Eden  during  the  period 
of  maximum  glaciation  by  the  congested  state  of  the  northern  part 
of  the  Irish  Sea."  Agreeing,  as  I  do,  with  most  of  Mr.  Eendall's 
conclusions,  he  will  perhaps  forgive  me  if  I  differ  from  him  on  one 
point,  namely, ''  that  Shap  Fell  was  the  ice-shed."  If  this  were  the 
case,  we  should  hardly  find,  as  we  do  find,  boulders  of  granite 
extending  due  east  along  the  present  line  of  watershed  (occurring 
at  a  height  of  1200  feet  on  Orton  Scar).  Moreover,  a  series  of  strisd 
curves  round  the  east  side  of  the  Shap  granite  right  across  the  water- 
shed (see  Goodchild,  Q.J.G.S.  vol.  xxx.  map  opposite  p.  98;  also 
see  arrow  to  east  of  Shap  granite,  G.  Fig.  1).  l^e  direction  of  the 
southerly  train  of  boulders  from  the  Shap  granite  is  described  by 
Mr.  Dakyns  in  the  Proceedings  of  the  Yorkshire  Geological  and 
Polytechnic  Society  for  1878,  and  more  fully  by  Mr.  Strahan  in  the 
Geological  Survey  Memoir  relating  to  the  country  around  Kendal^ 
Sedbergh,  Bowness,  and  Tebay  (1888  edition).  From  the  descrip- 
tion given  in  this  memoir  the  direction  of  the  train  of  boulders 
south  of  the  Shap  granite  represented  by  the  dotted  line  in  Fig.  1 
is  taken. 

At  the  foot  of  Haweswater,  I  have  observed  roehes  mouionn6eB 
striated  in  two  directions,  a  faint  set  running  W.S.W.-E.N.E.  (that 
isy  in  the  general  direction  of  the  Haweswater  Yalley),  crossed  by 
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a  more  prononiioed  set  mnning  N.N. W.-8b8bB.  {wm  amw  al  txk 
of  Haw6«witer»  Fig.  1). 

Tbeee  various  phenomena  are  beet  explained  bjr  rapponng  flit 
the  Lake  Distriot  loe  at  first  extended  ftr  to  the  eaiiwanC  fnoSimg 
the  faint  soratohes  at  Haweswater,  and  the  eaatward  distnbatilm  St 
Shap  boulders  over  Stainmoor,  and  that  as  the  Lake  Diatriet  ibb 
shrank,  the  ioe  from  the  northward  (either  Sonth  Soottidi  m^  or 
ioe  from  the  northern  part  of  the  Lake  Distriot  diverted  aouthmd 
by  the  Sootoh  ioe)  extended  southward,  earring  round  the  higk 
ground  on  the  east  side  of  the  Lake  Distriot^  forming  the  pEomiimit 
BtriiB  at  the  foot  of  Haweswater,  hloMmg  ^  ike  Wei  SleddalB  YqH^, 
and  carrying  the  southerly  train  of  Shap  booldera  to  Ksodai  vii 
Lancaster.  (The  replaoement  of  a  mass  of  ioe  firom  the  heart  d 
ihe  Lake  Distriot  by  one  ooming  from  the  northward  is  also  mtiii- 
tained  by  Mr.  Dakyns,  for  diflfeient  reasons,  in  the  paper  refisned 
to  above.) 

But  to  return  to  the  flat-topped  watershed :  Ooold  it  not  have 
been  formed  during  a  period  of  submeigenoe?  If  an  arm  of  the 
sea  extended  up  Wet  Sleddale  and  Mosedide,  might  not  the.  oondition 
of  things  above  desoribed  have  been  produoed  ?  The  deposit  no 
doubt  might,  but  how  is  the  Hosedale  diainage  to  be  defleoted  finom 
Wet  Sleddale  to  Swindale  by  this?  However,  the  main  objecstioB 
is  the  looal  nature  of  the  deposit;  no  sign  of  marine  deposit  is  to 
be  deteoted  in  the  lowland  valley  of  Swindale,  whioh  would  be 
admirably  adapted  for  reoeiving  and  preserving  eea-sediment,  nor 
do  the  neighbouring  valleys  give  any  proofs  of  an  inonrsion  of  the 
sea,  for  I  hold  that  the  observations  of  Tiddeman,  Groodchild,  Dakyni, 
and  Straban  have  abundantly  proved  that  the  distribution  of  boulden 
in  ibis  district  is  not  the  result  of  marine  action,  but  of  land-ioe. 
It  is  incumbent  upon  anyone  who  maintains  that  these  boulders 
have  been  carried  by  floating  ioe,  to  account  not  only  for  the  canyiog 
of  the  Brockram  blocks  of  the  Eden  Valley  over  Stainmoor,  as 
described  by  Mr.  Goodchild,  but  also  the  entire  absence  of  Shap 
granite  boulders  in  the  Lune  Qorge  below  Tebay,  as  desoribed  by 
Mr.  Straban. 

To  sum  up  : — 1.  The  physiography  of  Mosedale  suggests  that  it 
once  formed  part  of  Wet  Sleddale  and  not,  as  now,  of  Swindale. 

2.  Mosedale  is  separated  from  Wet  Sleddale  by  a  fat-topped 
watershed,  which  gives  evidence  of  having  been  formed  by  the 
deposition  of  superficial  materials  under  water,  and  the  distribution 
of  this  superficial  material  leads  one  to  suppose  that  if  it  were 
removed  we  should  find  that  Mosedale  again  formed  practicaUy  a 
continuation  of  Wet  Sleddale. 

3.  The  presence  of  water  other  than  the  sea  requires  a  dam 
across  the  Wet  Sleddale  Valley,  below  the  point  to  which  the 
superficial  accumulation  extends. 

4.  The  only  dam  that  can  have  existed  here  is  a  temporary  one, 
such  as  would  be  formed  by  ice. 

5.  The  distribution  of  the  striae  and  of  the  Shap  granite  bouldeis, 
points  to  a  mass  of  ice  coming  from  the  north  down  tbe  low  ground  on 
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the  west  side  of  the  Eden  valley,  and  abutting  against  tbe  high  ground 
of  the  east  side  of  the  Lake  District.  This  ice  would  (aooording  to 
tbe  strisB  and  the  distribution  of  the  boulders)  have  taken  the  exact 
direction  required  in  order  to  form  the  temporary  dam. 

6.  Unless  the  above  explanations  be  proved  erroneous,  it  is 
nnphilosophioal  to  advocate  a  great  submergence  to  account  for 
the  phenomena,  a  submergence  to  which  other  phenomena  seen  in 
the  neighbourhood  are  in  direct  opposition. 

IIL — Notes  on  the  Geology  of  Western  Australia. 

By  Hany  P.  Woodward,  P.G.S.,  F.R.G.S.,  Government  Geologist,  Perth. 

AS  Western  Australia  is  attracting  considerable  notice  on  account 
of  the  recent  rich  gold  discoveries,  a  short  paper  upon  its 
geological  formations  may  be  of  interest. 

Regarded  as  a  whole,  Western  Australia  is  not  an  interesting 
field  for  geological  research,  at  any  rate  from  a  stratigraphical 
or  pala&ontological  point  of  view,  for,  with  the  exception  of  one  or 
two  districts  in  the  north,  all  the  rock-outcrops  are  either  granites, 
crystalline  schists,  or  volcanic  dykes. 

Physical  Features. 

Although  surrounded  on  three  sides  by  the  ocean,  the  ooast-line  is 
comparatively  short,  being  only  about  3,500  miles  to  the  superficial 
area  of  976,000  square  miles.  It  is  low  and  uninteresting  on  the 
whole,  being  destitute  of  bold  headlands ;  the  shore  is  either  fiat  and 
little  above  the  sea-level,  or  when  clififs  do  occur,  they  rarely  exceed 
an  elevation  of  100  feet  These  cliffs  appear  mostly  where  the 
escarpment  of  the  table-land,  which  extends  into  the  interior,  has 
been  cut  off  abruptly  by  the  sea.  That  the  coast  has  been  elevated 
in  recent  times  is  proved  by  numerous  raised  beaches — low  shelly 
limestone-cliffs,  containing  remains  of  existing  species  of  mollusca, 
etc.,  and  by  large  deposits  of  dead  marine  shells  in  the  estuaries  of 
the  rivers  upon  the  south-west  coast.  Upon  the  southern  portion 
of  the  coast  there  is  very  little  rise  and  fall  of  tide,  but  to  the 
northward  of  North-west  Cape  it  is  considerable  (being  46  feet  in 
King's  Sound),  the  constant  alteration  of  sea-level  playing  an 
important  part  as  a  denuding  agent  along  the  coast  and  inlets. 

The  interior  is  most  accurately  described  as  a  low,  gradually- 
rising  table-land  with  no  bold  ranges,  the  highest  hills  in  the 
colony  not  exceeding  4,000  feet  above  the  sea-level.  There  are  no 
navigable  rivers,  and  with  the  exception  of  a  few  in  the  South-west 
(which  are  always  running)  they  are  only  immense  storm- water 
channels. 

Tlie  so-called  lakes  of  the  interior  are  large  salt-marshes  or  clay- 
flats,  being,  in  fact,  the  upper  courses  of  the  rivers  where  there  is 
but  little  rainfall,  and  the  country  is  so  level  that  the  water  spreads 
out  over  the  fiats,  where,  except  in  very  wet  seasons,  it  evaporates, 
leaving  a  deposit  of  mud  and  salt  behind. 

There  are  no  active  volcanoes,  but  large  lava-fiows  exist,  and 
extinct  craters  are  said  to  have  been  met  with. 
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Qbolooioal  FiATusn.* 

In  deaoribing  the  geologioal  featurM  it  will  be  neoenuy  to 
diTide  the  coantry  into  six  eeotions:  nemelji  the  North,  Noitfa-irBi^ 
West,  Sonth-weet,  Sonth,  and  Central. 

The  North  or  Kimberley  seotion  emhnom  all  the  omiulrj  to  flw 
northward  of  Boebaok  Bay  and  eattward  to  the  northern  torritanj 
of  Soath  Aottralia.  It  oonsists  moaily  of  broken  oonntrr  and  ii 
▼ery  intereating  geologioally,  aa  many  good  aeotlona  of  the  ntoom 
rooks  are  ezpMed  in  the  riyer  gorges.  Near  the  coaafc  the  Uiij^ 
Oarboniferons  series  is  largely  developed,  whilst  the  DeroniSD, 
8ilarian»  CSambrian,  and  Ar(£nan  rooks  are  met  with  forther  inland. 
HoreoTer,  assooiated  with  these  older  rooks  there  oooor  rioh  deposHi 
of  gold  at  the  heads  of  the  Ord  and  Fitaroy  riTera,  whilst  to  tiis 
eastward,  on  the  border  of  the  oolony,  one  of  the  lazgeat  known 
basaltio  lava^flowa  ia  met  with. 

Along  the  North-weat  ooaat  the  oonntiy  is  alao  mnoh  broken,  bat 
here  the  oryatalline  and  granitio  rooks  ontorop  direotly  from  As 
alluTiam  with  oooaaional  £>ld  hilla  and  ridgea  of  tiap-zook,  and  it 
ia  amongat  theae  that  the  gold  depoaita  of  Pilbarra  aie  foond. 
Farther  to  the  aonthward  there  ia  a  table-land  oompoeed  partly  of 
Dolomite  and  partly  of  Baaalt,  bat  theae  formationa  are  of  no  great 
thiokneaa  aa  the  oJay  alatea  are  ezpoaed  in  the  Aahbnrton  fSOaj, 
where  aome  important  diaooveriea  of  gold  have  been  made. 

The  Weatem  aeotion  atretohea  aouih  from  North-weat  Oape  to 
Champion  Bay,  and  oonaiata  of  low  diffa  formed  of  later  Tertiaiy 
strata.  Inland,  in  the  northern  part,  a  aandy  plain  eztenda  for  Bome 
20  or  30  miles,  aa  far  as  a  narrow  ridge  of  Mesozoio  hills  ninning 
north  and  south,  and  is  followed  to  the  eastward  by  a  belt  of 
Lower  Carbontferoas  rooks  which  immediately  overlie  the  crystal- 
line schists.  South  of  the  Miirchison  River,  near  Northampton  and 
Q^raldtoD,  a  fine  series  of  Mesozoic  rocks  is  exposed  in  the  broken 
table-land  near  the  coast  These  formations  rest  unoonformsbly 
upon  the  crystalline  rooks,  with  their  rich  copper  and  lead-lodea 

The  South-western  coast  consists  of  low-lying  sand-plains  of  recent 
origin,  with  many  salt  estuaries,  lakes,  and  swamps,  which  extend 
inland  for  a  distance  of  from  10  to  20  miles.  Rising  abruptly  upon  the 
eastern  side  of  these  plains  is  the  Darling  Range,  composed  of  crystal- 
line rocks,  which  attain  a  general  elevation  of  aboat  1000  feet  above 
the  sea-level.  The  surface  of  this  range  and  the  oountry  for  aboot 
50  miles  to  the  eastward  of  it,  is  mostly  covered  by  deposits  of 
indurated  nodular  ferruginous  clay-stones  called  "  ironstone  gravel" 
This  deposit  is  often  of  considerable  thickness,  and,  particularly 
upon  the  high  ridges,  is  often  cemented  together  into  blocks  of 
conglomerate  called  "ironstone." 

In  the  river  flat  of  the  Collie,  on  the  east  side  of  the  range,  aboot 
SO  miles  from  the  coast,  Coal-raeasares  have  lately  been  discovered, 
and  a  fine  series  of  seams  has  been  proved  to  exist  by  boring. 
Nevertheless,  no  outcrop  of  this  formation  is  visible  at  the  surface, 

^  See  a  Notice  of  Geoloncal  Map  and  recent  publications  on  Weetem  AnstrtHay 
in  Gbol.  Mag.  September  l^umber,  pp.  420-426. 
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for  the  whole  is  coyered  hy  sand.  From  Cape  Naturaliste  to  Cape 
Leeuwin  is  a  low  ridge  of  crystalline  rocks,  but  between  this  and 
the  Darling  Range  the  low  swampy  and  sandy  fats  still  continue 
to  the  south  coast  Beneath  this  flat  a  large  series  of  Mesozoic  Coal- 
seams  have  been  discovered  by  boring,  but  no  Coal  of  commercial 
value  has  yet  been  found. 

The  South  coast  consists  of  a  series  of  rough  granite  headlands, 
with  low  sandy  and  swampy  country  behind  them,  and  this  extends 
inland  for  a  distance  of  about  30  miles,  when  the  crystalline  rocks 
again  outcrop.  This  type  of  country  extends  eastward  as  far  as 
the  Great  Australian  Bight,  where  a  bold  escarpment  of  limestone, 
about  200  feet  in  height,  presents  a  vertical  face  to  the  sea,  some- 
times rising  abruptly  from  it  and  sometimes  being  separated  by  low 
sandy  plains  and  raised  beaches. 

The  Central  or  interior  section,  as  far  as  known,  consists  of  a 
sandy  table- land,  broken  by  numerous  lake  basins,  around  which  the 
granitic  and  crystalline  rocks  outcrop,  and  it  is  in  these  areas  of 
depression  that  the  rich  gold-fields  of  Coolgardie,  the  Murchison, 
Tilgam,  and  Dundas  are  situated.  The  sand-plains  are  supposed 
to  belong  to  the  Mesozoic  age  and  to  be  the  western  extension  of 
the  *<  Great  Desert  Sandstone  "  formation  of  the  Central  and  Eastern 
colonies. 

It  will  be  seen  from  the  following  summary  that  the  principal 
geological  formations  are  represented,  although  (if  we  except  the 
Pals&ozoio  formations)  only  to  a  small  extent 

Cainozoio. 

The  "Recent  deposits  are  represented  in  the  Lake-beds,  River- 
Yalleys,  Estuaries,  Sand-Dunes,  Raised-Beaches,  and  Shell-Marls. 

The  Pliocene  in  the  Pindan  plains  of  Kimberley,  ferruginous 
sandstones,  and  variegated  clays,  with  plant-remains  on  the  Gascoyne 
River  and  North-west  coast ;  and  the  gravels  and  conglomerates  of 
the  Darling  Range. 

The  Eocene  in  the  Coralline  limestones  of  Shark's  Bay;  clays, 
sandstones,  grits,  and  conglomerates  of  Champion  Bay;  limestones 
with  flints  of  the  Bight 

Mesozoio. 

The  Cretaceous  formation  is  met  with  near  the  coast,  50  miles 
north  of  Perth ;  it  extends  northward  to  the  Murchison  River,  and 
occurs  also  in  the  Kennedy  Range  upon  the  Gascoyne  River,  and 
between  Capes  Naturaliste  and  Leeuwin.  It  consists  of  beds  of 
chalky  limestone,  with  flints,  sandstones,  conglomerates,  and  clays. 
The  sandstone  of  the  table-land  in  the  interior  is  also  supposed  to 
be  of  this  age. 

The  Jurassic  formation  underlies  the  Cretaceous  in  the  Champion 
Bay  district,  where  a  series  of  Oolitic  limestones,  clays,  sandstones, 
ferruginous  sandstones,  grits,  and  conglomerates  occur,  which  contain 
the  characteristic  fossils.^ 

1  See  Geol.  Mao.  for  Sept.  and  Oct.  1894,  pp.  385  and  433,  Pis.  XII.  and  XIII. 
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PALSOXOia 

The  Carh<mifenm$  formalion  is  laigely  doTeloped  in  the  Kimbeibj 
distriot,  formiag  flat-topped  hills  and  ranges  whidi  oonnst  moitly 
of  ahale  with  quartzite  oappings;  there  are  also  a  few  limesUme 
beds.  A  small  patch  of  the  Upper  Carbonifexoos  formatioii  hu 
been  disoovered  upon  the  Collie  Biver,  oonsisdng  of  shales,  suid- 
stones,  fireolaysy  with  ooal-seams.  It  is  probably  one  of  a  seriei 
of  small  basins  lying  to  the  eastward  of  the  raage^  bat' as  thi 
whole  sar&oe  is  oovered  by  reoent  formations,  this  remains  to  be 
proved.  The  Lower  Carboaiferous  oatorops  npon  the  Irwin  RiTsr, 
where  there  are  a  series  of  shales,  fireolaya,  aandstones,  and  lime- 
stones, with  ooal-seams.  This  formation  extends  north  in  a  nanow 
strip  to  the  Lyons  Biver. 

The  Devonian  formation  has  only  been  oertainly  proved  to  exist 
in  the  Eimberley  district,  where  there  is  an  almost  horisontsllj 
bedded  series  of  sandstones,  grits,  conglomerates,  shales,  and  lime- 
stones, which  contain  fossils;  but  on  hoih  sides  of  the  Ashbarton 
Biver  there  is  a  great  extent  of  magnesian  limestone,  which  probably 
also  belongs  to  this  age. 

The  iSt7tirtaii  rocks  have  only  been  identified  in  the  Kimberley 
district,  bnt  they  are  probably  represented  in  other  parts  of  tin 
colony  by  day-sUtes  and  quartzites,  as  in  the  Stirling  Bange. 

The  Cafmbrian  formation  has  also  been  proved  to  exist  in  ths 
Eimberley  district,  where  it  contains  the  gold-bearing  lodes. 

Azoio,  OR  Aborsak. 

The  Archaan  and  CrystaUine  rocks  are  more  largely  developed  in 
this  colony  than  in  any  other  portion  of  the  world,  outcropping  ai 
they  do  in  all  parts  of  the  country,  and,  where  they  are  overlain  by 
more  modem  formations,  these  latter  are  rarely  of  any  great  thickne8& 
This  series  is  highly  contorted,  being  folded  into  a  number  of 
parallel  anticlinal  and  synclinal  folds,  striking  north  and  south,  and 
often  presenting  the  appearance  of  a  highly  inclined  dip,  which  is 
either  nearly  vertical,  or  trending  slightly  to  the  eastward.  These 
rocks  are  much  broken  and  faulted  by  numerous  diorite  and  granite 
dykes ;  they  contain  many  quartz-veins  and  iron  lodes,  and  it  is  in 
this  group  of  rocks  that  the  principal  auriferous  deposits  exist 

This  great  series  of  rocks  may  be  subdivided  into  three  sections, 
which,  as  a  rule,  run  in  parallel  belts  north  and  south,  with  a 
slight  trend  to  the  north-west  in  the  northern  part  of  the  colony. 

The  first,  or  western,  belt  extends  from  the  Murchison  Biver  to 
the  south  coast,  but  is  very  little  exposed,  except  in  the  Northampton 
district,  and  a  little  south  of  the  Irwin  Kiver,  where  it  is  rich  in 
copper,  lead,  and  zinc  ores.  It  underlies  the  sandy  coastal  plainB, 
outcropping  here  and  there  at  the  base  of  the  Darling  Bange, 
forming  a  small  range  between  the  Capes  Naturaliste  and  Leenwin, 
and  characterised  throughout  by  lead,  copper,  and  zinc  lodes.  The 
rocks  of  this  belt  are,  for  the  most  part,  comparatively  soft,  con* 
ftisting  of  clay-slates  (often  kaolinised),  quartzites,  and  schists,  with 
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dykes  of  diorite  and  granite,  and  veins  of  quartz  and  pyriteSi  con- 
taining lead,  copper,  zinc,  iron,  and  ferruginous  graphite. 

The  seoond  belt  extends  northward  from  the  south  coast  (forming 
the  bold  escarpment  at  the  edge  of  the  great  plateau  called  the 
Darling  Range)  as  far  as  the  Murchison  River.  It  then  follows 
this  river  in  a  narrow  belt  in  a  north-easterly  direction  for  about 
200  miles,  where  it  suddenly  spreads  out  to  the  east  and  north-west 
from  the  Robinson  Range  to  the  Lyons  River,  disappearing  beneath 
the  magnesian  limestones  to  the  northward. 

In  this  belt  the  rocks  are  mostly  hard  and  crystalline,  consisting 
principally  of  gneiss  and  schist,  with  dykes  of  diorite,  granite,  and 
felstone,  and  veins  of  quartz.  The  latter  (as  well  as  the  diorite) 
often  contains  large  quantities  of  pyrites,  most  of  which  yield  a 
little  gold.  Tin  is  also  being  worked  at  the  Green  Bushes  Tin-field, 
the  ore  being  derived  from  the  disintegration  of  quartz-porphyry 
dykes,  in  which  it  is  associated  with  tourmaline  and  titanic  iron. 
Besides  iron  and  manganese,  large  deposits  of  kaolin  of  a  very  fine 
quality  occur,  as  well  as  veins  containing  mica  and  asbestos;  but 
these  latter  are  too  much  weathered  at  their  outcrop  to  be  of  any 
value. 

Near  Bridge  town  a  very  large  deposit  of  graphite  has  lately  been 
opened  up :  it  exists  in  the  form  of  a  bed  between  talcose  schists 
about  20  feet  in  thickness. 

The  third  or  great  granite  belt  lies  about  100  miles  east  from  the 
west  coast,  and  is  about  100  miles  in  width,  extending  from  the 
south  co€ist  to  the  Murchison  River.  It  consists  of  a  series  of  bold 
bare  outcrops  of  gneiss  or  granite  often  100  feet  in  height  and 
covering  several  hundred  acres  in  extent,  rising  from  loamy  fiats. 
The  rocks  mostly  outcrop  in  the  depressions  of  the  table-land,  the 
higher  portions  of  which  are  covered  by  sand-plains.  This  belt  is 
absolutely  destitute  of  mineral  veins,  and  it  is  due  to  this  barrier 
that  the  rich  gold-fields  to  the  eastward  remained  so  long  un- 
prospected.  These  outcrops  are  made  use  of  for  the  conservation  of 
water  in  this  dry  portion  of  the  colony,  as  they  shed  water  like  a 
house- roof,  whilst  around  them  there  are  many  natural  dams  or 
basins  filled  with  sand,  which  are  either  being  cleaned  out  or  wells  are 
being  sunk  in  them.  The  rocks  of  this  belt  consist  entirely  of  gneiss 
and  granite,  much  fissured  and  faulted,  and  traversed  by  numerous 
dykes  of  granite  and  diorite,  whilst  the  main  masses  generally 
enclose  fragments  and  masses  of  schistose  and  gneissic  rock. 

The  fourth  or  first  auriferous  belt  is  situated  immediately  to  the 
eastward  of  the  granite  belt,  and  is  about  20  miles  in  width.  It 
starts  from  the  south  coast  at  the  Phillips  River,  extending  north- 
ward in  a  narrow  belt  by  the  Ravensthorpe  Range,  Parker's  Range, 
Southern  Cross,  Golden  Valley,  Mt.  Jackson,  Mt.  Kenneth,  Mt. 
Magnet,  Austin's  Lake  to  the  Cue.  Thence  it  takes  a  slight  bend 
to  the  north-east  to  Nan  nine  and  the  Star  of  the  East,  where  it  strikes 
more  to  the  north,  and  skirting  round  the  heads  of  the  Murchison 
and  Gasooyne  Rivers,  it  turns  north-west  and  follows  down  the 
Ashburton  Valley   to  its  junction  with    the  Henry,   finally  dis- 
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ap])earing  beneath  the  Paladozoio  formation.  The  rooka  of  this  belt 
oonaist  mostly  of  hornblende,  mica,  or  talc  schiata,  of  which  the 
hornblende  schist  so  closely  resemblea  diorite  that  it  ia  impossible 
to  distinguish  it  in  a  broken  specimen. 

The  rocks  of  this  belt  are  a  good  deal  broken  and  faulted  by 
granite  and  diorite  dykes  and  quartz  lodea  containing  gold,  iron, 
and  copper.  There  are  also  some  large  magnesia  lode-masses  ridi 
in  fine  gold,  which  will  probably  prove  to  be  serpentine  at  a  depth. 
Many  of  the  lodes  also  contain  large  quantities  of  chlorite. 

I'he  fifth  or  second  granite  belt  is  about  the  aame  width,  and 
airailar  in  every  way  to  the  first  mentioned.  It  extends  from  the 
south  coast,  following  the  line  of  the  first  anriferous  belt  north, 
and,  like  it,  dipping  under  the  Palaaozoio  table-land  of  the  Fortescue. 
Only  a  small  portion  makes  its  appearance  on  the  northern  side  on 
the  Yule  River  near  Pilbarra  upon  the  north-west  ooast. 

The  sixth  or  second  auriferous  belt  lies  next,  and  at  present  its 
width  is  imknown,  but  it  is  certainly  of  considerable  width  in  places, 
and  has  proved  wherever  prospected  to  be  extremely  rich  in  gold. 
It  extends  north  from  the  Dundas  Hills  (where  this  formation  first 
outcrops  from  below  the  sand-plains)  by  Wagemulla,  Coolgardie, 
the  Three  Pinnacles,  Ullaring,  Lake  Carey,  and  following  about  the 
same  line  as  the  other  belts,  and  turning  with  them  to  the  north- 
west by  the  Nullagine,  Marble  Bar,  Pilbarra,  Egina,  and  Mallina 
upon  the  north-west  coast 

The  rocks  of  this  belt  are  generally  very  similar  to  those  of  the 
first  auriferous  belt,  but  the  formation  and  lodes  are  a  great  deal 
more  faulted  and  broken  ;  however,  to  make  up  for  this  they  are  the 
richest  that  have  ever  been  discovered. 

The  hornblende  rocks  of  this  colony  are  very  remarkable  in 
character,  being  met  with  most  abundantly  from  north  to  soutL 
They  vary  immensely  in  colour,  structure,  and  external  character, 
some  at  first  glance  having  the  appearance  of  clay-slate,  bnt  on 
being  fractured  they  exhibit  a  structure  similar  to  diorite,  whilst 
others  again  only  contain  green  crystals  of  hornblende  disseminated 
through  a  quartz  matrix  or  have  a  jade-like  appearance,  which  latter 
variety  are  continually  being  mistaken  for  copper,  nickel,  or  silver. 
"With  these  rocks  are  associated  the  principal  mineral  deposits  of 
the  colony  :  gold,  tin,  copper,  antimony,  lead,  zinc,  manganese, 
and  iron. 

Igneous. 

Volcanic. — No  active  volcanoes  are  known  to  exist  in  this  colony, 
but  as  many  volcanic  (Obsidian)  bombs  have  been  discovered  in  the 
far  north  and  in  the  interior,  and  large  basaltic  flows  exist,  extinct 
volcanic  craters  may  occur,  as  has  been  stated.  On  the  north-west 
coast,  south  of  the  Nulla<;ine,  and  on  the  Fortescue  River  there  are 
several  lava-flows,  but  the  largest  development  takes  place  in  the 
Kimberley  district,  where  a  flow  stretches  from  the  east  side  of 
the  head  of  the  Ord  River  far  into  the  northern  territory  of  South 
Australia.  At  Bunbury,  and  one  or  two  points  on  the  coast  around 
the  south-west  corner  of  ih^  colony,  columnar  basalt  occurs. 
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PhUonie, — Dykes  of  granite  and  diorite  are  found  all  over  the 
oolon J.  The  surfaces  of  these  rocks  are  often  split  up  and  weathered 
into  ronnded  masses,  having  a  water- worn  appearance,  owing  to  the 
angles  and  edges  heing  first  disintegrated,  and  then  exfoliated, 
which  eventually  causes  the  mass  to  assume  a  rounded  shape. 
Amygdaloids  are  met  with  in  great  variety  in  the  north-west,  where 
they  form  huge  rugged  hill  masses,  upon  which  nothing  will  grow. 
Both  the  matrix  and  the  enclosures  vary  much  in  different  places, 
the  latter  being  most  commonly  agates  and  calcite. 


IV. — On  some  Yariolitio  Books  on  Carrook  Fell. 
By  Altssd  Harkbk,  F.G.S.,  Fellow  of  St.  John's  College,  Cambridge. 

THE  district  of  Carrock  Fell,  in  Cumberland,  is  one  rich  in 
varieties  of  intrusive  igneous  rocks.  Those  on  Carrock  Fell 
itself,  while  probably  belonging  to  one  period  of  igneous  activity, 
fall  under  three  or  four  heads,  which  can  be  arranged  in  chronological 
sequence,  as  follows : — 

(i.)  A  large  intrusion  of  gabbro  generally  laooolitic  in  character. 

(ii.)  A  granophyre,  also  forming  laccolitic  bodies,  but  with  asso- 
ciated dykes  and  veins  which  traverse  the  gabbro. 

(iii.)  A  diabase  or  gabbro,  not  essentially  different  from  the  first 
intrusion,  but  injected  later  and  under  somewhat  changed  conditions. 

(iv.)  A  large  number  of  dykes  and  veins  of  intermediate  to  basic 
composition. 

These  last  are  found  traversing  all  the  other  rocks,  and  therefore, 
if  we  are  justified  in  grouping  them  all  together,  they  represent  the 
latest  intrusions  in  the  neighbourhood.  They  vary  from  straight 
dykes  two  or  three  feet  wide  to  narrow  and  rather  tortuous  veins 
not  more  than  an  inch  in  width. 

I  have  recently  presented  to  the  Geologicsd  Society  an  account 
of  the  larger  intrusive  masses  of  Carrock  Fell,^  and  I  originally 
intended  to  include  also  the  minor  dykes  and  veins  alluded  to.  This 
purpose  I  abandoned  in  view  of  the  multiplicity  and  variety  of 
rocks  which  they  include,  but  some  of  the  specimens  examined  seem 
worthy  of  a  brief  notice. 

The  only  account  yet  published  of  any  of  these  minor  intrusions 
is  a  description  by  Mr.  T.  T.  Oroom,'  of  a  one-inch  vein  traversing 
the  gabbro  near  the  head  of  Furthergill  Sike.  This  is  a  tachylite 
with  some  remarkable  spherulitic  structures,  and  is  of  distinctly 
basic  composition,  having  53*63  per  cent,  of  silica  and  20*00  of  iron- 
oxides,'  with  a  specific  gravity  of  2*99  (central  zone  2*95).  I  have 
examined  my  friend's  specimens,  but  have  nothing  to  add  to  his 
description.     Veins  having  a  very  similar  appearance  are  numerous 

1  Part  I.,  dealing  with  the  gabbro,  is  published  in  Q.J.G.S.  vol.  1.  (1894), 
pp.  311-336. 

«  Q.J.G.S.,  Tol.  xlv.  (1889),  pp.  29S-304. 

•  Analysis  by  Mr.  R.  H.  Adie  (Groom,  l,e.).  The  iron  is  estimated  as  ferric 
oxide,  hut  is  probably  present  in  the  ferrous  state,  which  would  explain  the  high 
total  of  103*76  per  cent. 


S62       A^^§d  ffarker—VarMUk  Boeh  m  Ckttvck  RIL 

about  the  •nmmit  of  Oarriok  Fell.  Iliey  haTe  a  daik  eompid 
appearanoe,  with  a  ooloor  Tarying  from  greenieh-gfaj  to  browatilb 
gray.  There  is  often  a  ttroDg  buiding  parallel  to  the  walla  of  thi 
Tein,  while  a  oertain  ommpliDg  of  the  brittle  xodk  has  ■ooMtimM 
given  rise  to  a  kind  of  oroaagointing  xeaembling  a  xoii|^  olaavage- 
itruotare. 

A  alioe  waa  prepared  from  one  of  theee  Teina»  aboat  60  yards 
eaat  of  Uie  aammit,  the  apeoifio  gravity  of  the  lodc  being  2'84i6. 
The  alioe  [1754]  ia  oonaiderably  obaoiured  by  aeoondavy  ohaagaa 
Where  the  atrnotare  ia  moat  regular,  it  ahowa  doll  roond  or  ovdd 
apota,  averaging  OOl  inoh  in  diameter,  aet  rather  oloae  togethsr 
with  dearer  interapaoea  of  a  light  browniah-green  tint  Thia  greea 
anbatanoe  might  be  taken  at  firat  glanoe  for  an  altered  glasa;  but 
when  examined  with  polariaed  light  it  ia  aeen  to  be  doubly 
refracting,  and  the  manner  in  which  dark  raya  aweep  aoroaa  it, 
when  the  atage  ia  rotated  between  croaaed  nioola,  indioatea  a  radiate 
arrangement  of  acme  birefnngent  mineraL  In  the  thinneat  parts  <tf 
the  slice  it  can  be  reaolved  into  radiating  bundlea  of  very  alender 
felapar-fibiea,  which  aeem  to  be  impregnated  and  atained  witk 
'ohloritio  matter.  A  common  radiate  arrangement  eztenda  over  areas 
large  enough  to  enoloae  aeveral  of  the  round  apota  mentioned,  and 
ia  often  aufficiently  complete  to  give  a  rather  imperfect  black  orosib 
but  the  areas  which  behave  in  this  way  interlock  irregularly  witk 
one  another.  The  round  apota  in  acme  placea  aeem  to  have  a  veiy 
obacure  radial  atructure  in  tbemaelvea,  giving  aometimea  a  vague 
black  cross,  but  in  general  they  merely  become  darker  and  lighter 
when  rotated,  behaving  with  the  adjacent  interstitial  matter,  as  if 
they  shared  in  the  larger  radiate  structure.  In  one  part  of  the  slide 
are  little  prisms,  mostly  untwinned,  of  oligoclase  with  a  fluzional 
disposition. 

Another  rock  examined  coraes  from  a  four-inch  vein  a  little  west 
of  the  summit,  and  has  a  specific  gravity  of  2*806.  In  this  [17od] 
the  little  round  spots  are  wanting,  and  it  is  seen  at  a  glance  that  the 
rock  consists  essentially  of  slender  felspar-needles,  about  0*03  iuch 
long,  grouped  in  sheaf-like  bundles,  which  interlace  with  one 
another.  A  higher  magnification  shows  that  these  little  needles 
are  themselves  built  up  of  very  fine  parallel  fibres.  As  before,  there 
are  a  few  scattered  felspars  of  larger  size.  The  greenish  material 
is  here  collected  into  definite  patches,  and  may  probably  be  taken 
to  represent  a  destroyed  pyroxenic  mineral. 

Specimens  showing  similar  features  come  from  the  face  of  the 
cliff  called  the  Scurth,  at  a  spot  about  450  yards  W.S.W.  of  Stoue 
Ends  Farm.  A  slice  from  one  of  these  [1552]  shows  very  beautifully 
the  sheaf-like  grouping  of  the  felspar- fibres  which  make  up  the 
great  bulk  of  the  rock.  The  central  part  of  each  sheaf  is  composed 
of  parallel  fibres,  or  may  be  compact  enough  to  be  regarded  as  a 
little  felspar-crystal,  but  spreads  out  at  its  extremities  into  a  fan- 
like bundle  of  fibres.  Individual  fibres  give  sensibly  straight 
extinction,  and  in  one  or  two  little  prisms  sufficiently  developed  to 
show  albite-lamellation,  the  largest  extinction-angle  measured  from 
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the  twin-line  is  5^.  These  observations  agree  precisely  with  Miohel 
Levy's  results  for  oligoolase  of  composition  Ab^  An^.  The  green 
mineral  in  this  rook  forms  distinct  slender  rods  and  skeleton-crystals 
about  0*03  inch  long,  with  occasionally  a  stouter  crystal  or  pseudo- 
morph.  Most  of  it  seems  to  be  hornblende,  but  some  is  a  feebly 
polarising  chloritoid  substance :  possibly  both  represent  an  altered 
pyroxene.     The  specific  gravity  of  this  rock  is  2*663. 

Another  specimen,  richer  in  the  green  mineral  [1757],  gave 
2-763,  and  yielded  59*8  per  cent  of  silica.^  Oligoolase  of  com- 
position Ab^  Ani  has  a  specific  gravity  2*659  (Tschermak)  or  less 
(Goldsohmidt),  and  contains  61-9  per  cent,  of  silica:  the  higher 
density  and  lower  acidity  of  our  rock  is  sufiBciently  accounted  for 
by  the  considerable  quantity  of  a  ferro-magnesian  mineral  which  it 
contains.  A  similar  mineral  occurs  more  richly  in  a  six-inch  dyke 
traversing  the  gabbro  of  Iron  Crags  [1881],  and  this  rock  has  a 
specific  gravity  of  2-906.  Here,  however,  the  little  felspar-fibres 
have  lost  their  radiate  arrangement 

Readers  familiar  with  British  and  foreign  '*  variolites  "  will  recog- 
nise in  the  preceding  short  descriptions  features  characteristic  of 
those  curious  rocks,  or  perhaps  more  accurately  features  often  found 
in  intimate  association  with  the  more  typical  variolitic  stiiictures. 
But  while  such  structures  have  usually  been  described  in  distinctly 
basic  rocks,  we  have  them  here  reproduced  in  rocks  of  intermediate 
chemical  composition.  Other  veins  and  dykes  in  the  neighbourhood 
are  of  thoroughly  basic  rocks,  and  if,  as  seems  probable,  the  whole 
group  had  a  common  origin,  we  have  here  another  problem  in  the 
differentiation  of  rock-magmas  in  this  very  interesting  district. 


V. — On  thk  Application  op  the  Sand-blast  for  thk  Develop- 
ment OF  Tbilobites. 

By  H.  M.  Beknakd,  M.A.,  Cantab.,  F.L.S.,  F.Z.S. 

1ICY  endeavours  to  establish  a  genetic  relationship  between  the 
JXL  Annelida  and  the  Phyllopod  Crustacean  Apus^  led  me,  very 
naturally,  to  the  study  of  the  Trilobites.  Specimens  were  kindly 
lent  me  by  Dr.  Woodward,  F.R.S.,  Prof.  Judd,  F.R.S.,  and  by  Prof. 
G.  B.  Howes,  it  being  my  privilege  at  the  time  to  be  working  in  the 
Huxley  Research  Laboratory,  which  is  under  his  direction. 

Picking  at  the  fossil  with  a  steel  point  taught  me,  what  every 
worker  soon  finds  out  for  himself,  that  the  limbs  which,  under  such 
a  dorsal  shield,  would  probably  have  been  thin-walled  structures, 
could  not  be  differentiated  from  the  matrix  by  any  such  method. 
Was  there,  then,  no  mechanical  method  of  revealing  the  under- 
Burfaoe?  At  first  I  thought,  among  other  things,  of  a  stream  of 
water,  mixed  with  emery  powder,  forced  through  a  rose ;  this  idea 

^  This  was  kindly  determined  for  me  in  the  laboratory  of  the  Yorkshire  College  of 
Sdenoe  under  the  mrection  of  Dr.  J.  B.  Cohen. 

*  "The  Apodidffi,**  Nature  Series,  1892,  and  the  Systematic  Position  of  the 
Trilobites,  Quart.  Joom.  Geol.  Soo.  August,  1894,  Vol.  L.  pp.  411-432. 
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led.  Tmrnsbinlly,  to  tlw  nad-bUtt  A  vldt  to  the  "LooOm  Bud. 
blMt  Wofki "  (68a,  Qiw'i  Idd  Boad)  gftT»  Mm«  pramin.  The  pro- 
prietor wu  kind  eoouf^  to  axproM  intemt  in  tlw  idae,  and  ihond 
Bw  blooki  of  granite  which  had  bean  treated  with  tha  Hud-blM^ 
and  in  wluoh  ^  harder  elemenu  stood  out  in  good  nlitf  A  thj 
■hort  applioation  or  on«  of  tbe  aend-bburts  balmy  itn  to  the  Work* 
to  the  under-inifiMje  of  a  Trilobita  from  the  aoft  Wanloak  dened 
•waj  a  large  portion  of  the  matrix,  and  revealed  a  mnalt  area  of  tbt 
vnder-rar&ioe  of  the  oar^woe  oomplotelj  cleaned.  In  thii  ipeniaN 
tfaere  waa  no  trace  of  any  nnder  membnna  bavii^  been  on(  throo^ 
and  the  carapace  waa  probabl;  tbe  laat  remnant «  a  oaat  ikin. 

I  then  eftplied  to  Mr.  W.  L  Lait,  the  koapar  <rf  Oie  Haebinei; 
Dirinon  of  the  Sonth  Kenaingtoa  HuMtim,feradnca  and  amiitMio 
He  auggeatod  ieveral  methoda  by  whioh  a  oonetant  abraam  of  nnl 
Wki^t  bo  obtained,  vary  kindly  allowing  ma  to  make  nae  of  the  air 


B«pradaction 


ifF  (on  in'etitlT  leduced  acalelto  ahow  Sand^bli 
deielupiD^  fouila,  iiiTeiited  by  W.  I.  Lut.  E«q.  (Keepei  ot  tlie  HictuiiHT 
uiviaion),  ScieQce  and  Art  Miiaeum,  South  KeasiB^n. 

pressure  (about  filbs  to  the  square  inch)  by  maans  of  whioh  tHs 
beautiful  series  of  model  engines  in  his  charge  are  kept  in  motiwi 
or  set  working  by  tbe  vmitor  on  pressing  a  button.  I  take  tfai* 
opportunity  of  tiiaoktng  Mr.  Laat  very  sincerely  for  the  friendlj 
asaistanoa  he  rendered,  for  whatever  is  of  value  in  this  paper,  rii. 
tbt)  description  of  the  apparatus,  is  entirely  due  to  him. 

The  sand  wm  first  tlirown  np  from  the  bottom  of  a  deep  fniind 
1>y  the  air  corrent  rising  in  ita  baae,  always  falling  baok  again  U 
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manipulate  the  fossil,  and  the  cutting  action  was  not  anfficient. 

The  sand  was  then  allowed  to  run  out  through  the  funnel,  which 
was  connected  by  a  short  india-rubber  tube  with  the  nozzle  of  a 
blow-pipe  apparatus,  llie  air  was  forced  through  a  small  aperture 
just  behind  the  feed,  whioh,  in  this  case,  was  sand  instead  of  gsa, 
and  farther,  the  aperture  of  the  nozzle  itself  was  narrowed  by 
inserting  a  short  piece  of  fine  bore  india-rubber  tubing.  The  sand 
was  shot  out  bj  this  arrangement,  with  muoh  greater  velocity,  hut 
jet  not   with  the  highest  possible,  under  the  available  pressure. 


Enkrred  aection  of  part  of  Apparatus  for  deieloping  foeails  bj  meaoa  of  the  6i 
blast.  Apparatus  inrented  hy  W.  I.  Last,  !^.  (Keeper  of  the  Hachineif 
Diiision),  Science  imd  Art  Muteum,  South  KeDdngton. 
"The  action,  being  pai-tly  due  to  induced  currents,  the  amount  of 
inert  air  carried  along  considerably  reduced  the  velocity  of  the 
oombiued  Jet"  Various  other  difBoulties  also  had  to  be  oontended 
with — the  dispersal  of  the  aaud,  the  clouds  of  fine  dust,  and,  again, 
the  manipulation  of  the  fossil. 

The  final  method  planned  and  carried  out  by  Mr.  Last  was  the 
most  ingenious :  in  order  to  get  still  more  force,  the  sand  was  con- 
fined in  a  large  bottle,  but  instead  of  being  drawn  into  the  air 
atream  as  before,  it  was  forced  in  by  the  air  pressure  within  the 
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botde.  lUs  bappy  clerioe  brought  the  wbdle  aTulaUa  fime  of  tU 
air  ppon  the  sand,  and  ito  oatting  aotion  waa  miioh  inoveaaed.  Mr. 
Last  baa  kindly  famiahed  me  with  a  couple  of  aketohea  ezplainmg 
the  apparatua  aa  it  waa  naed.  In  the  aeotion,  a  lepreaenta  iba  Iflfal 
of  the  aandy  nearly  ran  out;  6»  the  feed-pipe;  e,  the  tnbe  oanjing 
the  air  aboYe  the  aand ;  at  d  ia  a  wire  ring  whioh,  by  oontnMstii^ 
the  air  paaaage  between  the  two  yertioal  pipMt  aeoorea  a  diglit 
eioeaa  of  preaaore  within  the  bottle.  Without  thia  exoeaa  of  pxeaMnt 
the  aand  waa  not  fed  into  the  jet  in  aaffioient  quantity ;  «  is  tU 
aoaale,  formed  by  a  pieoe  of  fine  bore  india-rabbtt'  tubing;  /is  th^ 
wire  dip  to  keep  the  oork  from  being  blown  oot. 

A  oonaiderably  larger  bottle  might  have  been  need  with  adTanisgei 
The  one  figured  only  lasted  about  five  minuter;  although  it  wai 
easily  filled,  yet,  when  there  waa  muoh  matrix  to  be  out  away,  it 
would  have  been  more  oonvenient  had  it  laated  15  to  20  minutes. 

The  foasil  waa  embedded  in  paraffin,  for  oonvenlenoe  of  manipuli- 
tion  and  for  the  ready  proteotion  of  ezpoaed  parte,  the  under-surfiMO 
alone  being  exposed.  It  waa  then  fixed  in  position  by  screw  olipi 
in  front  of  the  noazle  of  the  sand-blast,  and  the  whole  coTered  witli 
a  large  glaaa  ahade,  to  prevent  the  dispersal  of  the  aand.  The  sbsdo 
stood  on  feet  ao  as  to  allow  the  air  to  eacape.  Parte  which  at  snj 
moment  required  protection  were  covered  with  the  paraffin  by  masu 
of  a  hot  knife  or  needle.  Various  other  methods  of  proteotion  was 
tried,  snob  as  collodion,  india-rabber  aolution  (thia  applied  bj  • 
fine  brush),  strips  of  gum-paper,  email  cardboard  aoreena,  but  n<»is 
of  them  helped  muoh. 

Although  I  devoted  many  hours  to  the  process,  I  was  too  busy 
with  other  things  to  be  able  in  any  way  to  exhaust  the  method ;  on 
the  contrary,  I  did  but  make  a  beginning,  and  cannot,  therefore, 
pretend  to  give  a  final  judgment  on  its  merits.  At  the  same  time, 
my  experience  of  it,  as  far  as  it  went,  may  not  be  without  interest 

The  differential  action  is  not  so  great  as  I  expected  it  would  be, 
still  it  undoubtedly  exists.     Many  times  structures  appeared  which 
looked  very  like  fragments  of  limbs.     These  I  did  not  care  to  try 
to  save.     I  was  looking  for  a  series  of  segmental ly  arranged  pro- 
cesses which  ought  to  appear  in  more  or  less  regular  rows  on  each 
side,  hence  single  fragments  were  of  little  use  to  me.    The  interesting 
question  unfortunately  remains  to  be  solved :  '*  Had  such  rows  of 
limbs  come  into  view,  would  the  sand-blast  have  differentiated  them, 
or  would  it  have  cut  tbem  away  together  with  the  matrix?"    My 
experience,  as  far  as  it  goes,  makes  me  believe  that  this  would 
depend  entirely  upon  the  hardness  of  the  matrix.     In  one  partly 
rolled  specimen  (such  specimens,  inasmuch  as  they  must  have  been 
complete  animals  when  they  rolled  up,  are  the  most  hopeful  to 
experiment  with),  I  found  with  a  pocket  lens,  a  regular  row  of 
dots  close  under  the  lateral  edge  of  the  head-shield.    I  worked  away 
the  matrix,  commencing  near  the  middle  line  and  working  slowly 
outwards  towards  these  points  so  as  if  possible  to  reveal  the  limbs 
along  their  lengths.     As  I  suspected,  the  points  were  the  tips  of 
'ftruoturea  which  were  simoat  oertalnly  limbs,  but  the  matrix  wsi 
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80  bard,  that  do  differential  action  waa  possible,  and  further,  the 
faint  ridge  of  darker  material  which  represented  the  limb  first 
revealed  was  too  thin  to  protect  with  paraffin. 

On  the  other  hand,  if  the  matrix  is  not  very  hard,  the  sand-blast 
would  almost  certainly  differentiate  fine  structures,  provided,  of 
course,  tbey  were  not  exposed  too  long  to  the  action  of  the  sand. 
My  final  plan,  therefore,  was  to  work  away  till  I  discovered  by 
means  of  the  sand-blast  the  existence  of  a  serial  row  of  limbs  in 
a  specimen,  and  then  to  blast  away  the  matrix  on  all  sides  of  these 
limbs,  even  through  the  dorsal  surface,  always  stopping  as  soon  as 
they  showed  as  ridges,  and  then  to  work  in  some  other  way  to 
clear  the  limbs  further.  Unfortunately,  I  never  found  such  a 
specimen,  and  believe  that  it  would  be  very  difficult  to  find.  The 
roUed-np  or  partly  rolled-up  specimens  get  filled  with  a  substance 
too  hard  for  the  sand-blast  to  yield  any  result,  while  the  limbs  of  the 
open  specimens  were  probably  flattened  down  against  the  dorsal 
carapace  into  a  tangled  mass.  I  did  not,  however,  give  up  hope 
that,  if  I  could  work  long  enough  at  it  and  had  sufficient  material, 
the  sand-blast  would  reveal  something  worth  finding,  if  not  a  complete 
series  of  limbs.  As  above  stated,  many  mysterious  fragments  and 
membranes  appeared  which  kept  me  for  a  few  days  or  hours  iu 
a  state  of  tension.  For  instance,  a  fragment  of  the  ventral  mem- 
brane was  very  clearly  shown  in  one  specimen  (figured  in  the  paper 
above  quoted). 

The  absence  of  nearly  all  tangible  result  from  my  own  researches 
need  deter  no  one  from  repeating  the  attempt.  It  must  be  re- 
membered that  a  very  large  portion  of  the  time  I  devoted  to  it 
was  given  to  getting  an  apparatus  which  would  work,  and  then 
when  this  was  overcome  by  the  mechanical  skill  and  kindly  assist- 
ance of  my  friend  Mr.  Last,  other  and  more  pressing  duties  called 
me  away,  so  that  on  the  whole  I  did  not  apply  the  method  to  more 
than  six  specimens  in  all.  From  every  one  of  them  I  think 
I  learned  something,  and  I  firmly  believe  that  if  anyone  with  more 
leisure  and  sufficient  material  would  repeat  the  attempt,  he  would 
sooner  or  later  certainly  be  rewarded.  We  have  not  by  any  means 
exhausted  all  that  could  be  learned  from  a  study  of  the  inner  surface 
of  the  dorsal  shell,  which  the  sand-blast  is  well  able  to  clear  out.  In 
these  cases,  it  is  well  to  take  care  that  the  carapace  is  firmly  bound 
tc^ether  by  strips  of  gum-paper,  or  by  embedding  in  paraffin, 
otherwise  it  is  very  likely  to  fall  to  pieces  as  soon  as  the  matrix  is 
removed. 

It  may  be  said,  in  conclusion,  that  when  the  matrix  is  soft  as 
compared  with  the  fossil  ~and  this  would  apply  to  all  fossils — the 
sand-blast  cleans  the  objects  very  beautifully,  and  for  this  alone, 
as  an  accessory  method  of  investigation,  it  might  be  of  great  use 
to  palaeontologists.  It  is  only  with  great  regret  that  I  have  felt 
myself  compelled,  on  account  of  other  duties,  to  drop  this  method 
of  investigation,  and  I  hope  that  some  one  with  sufficient  leisure 
and  opportnnity  will  be  tempted  to  carry  it  on. 
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Abstraots  of  Papers  read  before  the  British  Association  at 

Oxford,  August  9-14,  1894. 

I. — The  Carboniferous  Limestone,  Triassio  Sandstone,  and 
Salt-bearing  Marls  of  the  North  of  the  Isle  of  Mam.  By 
Professor  Botd-Dawkins,  F.R.S. 

THE  Ordovician  slates,  quartzites,  and  oonglomerates,  and  the 
associated  voloanio  rocks  of  the  "  massif"  of  the  island  gradnallj 
pass  underneath  the  sand,  shingle,  and  clay  of  the  Boulder-day 
series  in  going  northward  along  the  coast  towards  Kirk  Michad, 
until  they  disappear  altogether  from  the  cliffs  and  the  shore.  They 
stand  up  conspicuously  along  the  ancient  shore-line  extending  from 
Kirk  Michael  to  Ballaugh,  Sulby,  and  Ramsey,  commanding  the 
low,  sandy,  and  marshy  region  which  forms  the  northern  portion 
of  the  island,  contrasting  in  its  fatness  with  the  lofty  rolling 
Ordovician  hills  behind,  culminating  in  Startfell,  Snaefell,  and 
North  Barule.  This  contrast  is  obviously  the  result  of  a  differenoe 
in  the  physical  character  of  the  rocks  in  the  two  districts.  The 
problem  as  to  which  rocks  underlie  the  glacial  strata  in  the  former, 
which   had  occupied  the  author's  mind  for  many  years,   is  now 

Eartially  solved  by  the  three  borings  which  have  been  made  under 
is  advice  by  Messrs.  Craine  in  1891-94:  in  search  of  the  Coal- 
measures  of  the  Whitehaven  field,  at  the  Point  of  Ayre,  at  filae 
Point,  and  at  Shen  Moar.  The  boring  at  Shen  Moar  revealed  the 
existence  of  the  Carboniferous  Limestone  at  a  depth  of  167  feet 
6  inches  below  the  drift.  The  next  bore-hole,  at  Blue  Point,  about 
40,050  feet  to  the  north-east  of  that  at  Shen  Moar,  revealed  the 
presence  of  more  than  GO  feet  of  Red  Sandstone  buried  171  feet 
beneath  the  drift.  The  Red  Sandstone  in  this  section  is,  in  his 
opinion,  identical  with  the  St  Bees  sandstone,  or  lowest  member  of 
the  Triassio  formation  in  the  district  of  the  Lakes.  This  is  greatly 
strengthened  by  the  discovery  in  the  third  boring  at  the  Point  of 
Ayre,  to  the  east  of  the  lighthouse,  of  the  Triassio  marls  with  Bait, 
at  a  distance  of  a  little  under  five  miles  from  Blue  Point.  ITie 
diamond  drill  was  used  from  a  depth  of  452  feet  to  the  bottom. 
The  total  thickness  of  the  salt-beds  amounts  to  33  feet  6  inches, 
and  the  bore-hole  happened  also  to  intersect  a  brine  run  2  feet 
6  inches  in  depth.  If  this  section  be  compared  with  that  published 
by  Mr.  Dickenson  of  the  saliferous  marls  of  Duncrue,  near  Carrick- 
fergus,  it  will  be  found  to  be  practically  identical.  The  same 
series  of  salt-bearing  marls  is  also  worked  at  Barrow-in-Furness 
and  at  Preesal,  near  Fleetwood.  Tlie  salt-beds  in  each  of  these 
cases  are  variable  in  thickness,  and  those  in  the  Isle  of  Man  are 
thinner  than  in  the  other  localities.  It  must,  however,  be  re- 
membered that  the  Manx  boring  has  not  been  put  down  to  a 
sufficient  depth  to  test  the  true  thickness  of  the  salt-field.  The 
discovery  is  of  great  theoretical  importance,  because  it  links  on 
the  deposit  at  Barrow  with  that  of  Carrick  fergus,  and  shows  the 
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h  Sea  was  an  area  in  which  the  salt-bearing  Triassic  marls  were 
osited.  It  points  towards  the  truth  of  Mr.  Dickenson's  sugges- 
I  that  the  Cheshire  salt-field  was  formerly  continuous  with  that 
Ireland.  These  marls  have  since  been  broken  up,  faulted,  and 
uded  away  in  many  places.  It  is  an  open  question  how  far  those 
the  Isle  of  Man  are  now  continuous  under  the  sea  eastwards  to 
TOW  and  Fleetwood,  and  to  the  north-west  in  the  direction  of 
Tickfergus. 

Ul  these  rocks  are  buried  under  a  great  thickness  of  boulder 
d,  gravel,  and  clay,  amounting  at  the  Point  of  Ayre  to  298  feet, 
this  also  must  be  added  the  height  of  the  drift  hills  close  by, 
ned  of  the  same  materials,  which  would  give  the  total  thickness 
lot  less  than  450  feet  in  the  extreme  north.  The  rocky  floor  on 
ich  it  rests  dips  rapidly  to  the  north-east  towards  the  deeper  part 
the  Irish  Sea. 

rhe  discovery  of  this  salt-field  is  likely  to  add  a  new  industry  to 
resources  of  the  Isle  of  Man. 


—Fossil  Phyllopoda  of  the  Palaozoio  Rooks.  Elvvkntr 
Rbpobt  of  thv  Committee,  oonbistino  of  Professor  T. 
Wiltshire  (Chairman),  Dr.  H.  Woodward,  and  Professor 
T.  Rupert  Jones  (Secretary).  Drawn  up  by  Professor  T. 
Rupert  Jones,  F.R.S.,  F.G.S. 

A  NEW  species  of  Beecher's  phyllocaridal  genus  Elymocaris^ 
^  from  the  collection  of  Dr.  G.  J.  Hinde,  F.G.S.,  has  been 
ared  and  described  in  the  Geolooioal  Magazine  for  July,  1894, 
292,  PI.  IX.  Fig.  7.  It  was  found  at  Arkona,  Ontario,  Canada, 
the  Hamilton  group  of  the  Middle  Devonian  series. 
[ts  nearest  known  ally  is  Elymocaris  capaeUa  (Hall  and  Clarke), 
m  the  Hamilton  group  of  New  York  State,  Palaeont.  New  York, 
«  vii.  1888,  p.  181,  pi.  xxxi.  fig.  4.  It  differs,  however,  in  details 
outline,  ornament,  and  ocular  spot  The  new  species  is  named 
Hindei,  after  its  discoverer. 

2.  Two  imperfect  sets  of  abdominal  segments,  impressed  on  a 
oe  of  Moffat  Shale  (from  Garpel  Linn),  have  been  noticed  in 
ociation  with  a  carapace  of  DtHcinocaria  Browniana,  and  therefore 
>bably  belonging  to  individuals  of  either  that  genus  and  species, 
of  AptychopBi8y  or  possibly  Peltocaris^  which  also  occur  in  the 
\fhX  Shales.  The  two  above-mentioned  specimens  are  figured 
\  described  in  the  Geolooioal  Maqazine  for  July,  1894,  p.  291, 
IX.  Figs.  4a,  46.  Fig  3  shows  the  associated  carapace.  They 
ong  to  the  Carlisle  Museum. 

We  have  noticed  similar  abdominal  segments,  but  differing  some- 
at  in  size,  associated  with  HymenocariB  in  the  Tremadoc  slates, 
1  with  Ceratiocarts  in  the  Upper  Silurian  beds.  As  such  body- 
gs  belong  to  various  groups  of  these  low-class  Crustacea,  it  is  not 
raordinary  that  the  above-mentioned  genera  should  each  possess 
same  kind  of  structure  in  the  abdominal  region. 
\,  A  good-sized  Disdnoearis  Browniana  and  the  moiety  of  a 
ber  large  Aptychopsis  Wilsoni,  preserved  in  the  Carlisle  Museum, 
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hftTe  alto  been  deeoribed  end  figured  in  the  Gbolooioal  MiOixm 
for  July,  18M,  p.  292,  PL  IX.  Fige.  5  mnd  6.  Thej  ne  tjpioil  of 
tike  Mofiat  Shalee. 

i.  It  may  be  remarked  that  the  fignred  interior  of  the  bipntito 
earapace  of  Jfaeroearw  Cforbffi,  Miller,  referred  to  in  oar  Tenth 
Report,  at  page  468,  Report  British  Anooiation  for  1898,  appenn 
(if  looked  at  npaide  down)  very  mnoh  to  reaemble  aome  of  tiie 
biyalved  Apiif€kop9e$  figured  in  the  Monograph  of  Palaonio 
Phyllopoda,  Pal.  Soo.,  1892,  pL  zt.,  bnt  with  a  more  aontely 
■agittate  outline,  and  without  the  definitely  oonoentiio  nmbooil 
itriaa. 

If  the  carapaoe  in  the  drawing  (fig.  48)  expoaes  its  talan'or,  il 
■eems  to  lie  unoonformably  with  respect  to  the  body-rings,  for  Aay 
appear  to  be  oovered  by  the  carapace  upside  down.  If  it  normally 
covered  the  body  it  would  show  its  exterior, 

•  Is  it  possible  that  after  death,  the  attachments  of  the  body  and 
carapaoe  having  been  loosened,  the  carapaoe  turned  quite  over,  and 
the  parts  of  the  animal  floated  into  a  position  rsTerse  to  what  they 
held  in  life  ?  Or  have  we  here  two  valves  and  an  imperfect  body  of 
an  ApiffchapeU  which  during  decay  were  washed  into  a  revend 
position — that  is,  with  the  abdomen  projecting  from  the  anterior 
region,  as  is  not  unusual  with  some  fossil  CeraUoearidm? 

5.  By  favour  of  Dr.  Wheelton  Hind,  F.G.S.,  we  haTe  very  lately 
seen,  from  Mr.  Gkoige  Wild's  collection,  some  pyritons  speoimem 
of  what  seems  to  be  a  veiy  small  EBtheria  in  shale  from  the  roof  of 
the  Bullion  Coal,  Lower  Coal-measnres,  lately  worked  at  Trawdeo, 
near  Colne.  in  North-east  Lancashire. 

6.  A  specimen  of  Entheria  Dawnoni,  Jones  (Gbol.  Mao.,  1870, 
.  220,  PL  IX.  Fig.  15;  t6iU,  1876,  p.  676;  ibid.,  1878,  p.  101, 
].  III.  Fig.  2),  has  been  obtained  from  the  vicinity  of  Five-IslandB, 

Nova  Scotia,  by  Mr.  H.  Fletcher,  of  the  Geological  Survey  of 
Canada.  Like  a  former  specimen  it  may  he  from  the  Horton  series; 
and  has  been  sent  by  Sir  W.  Dawson,  F.R.S.,  of  Montreal,  for  oar 
examination. 

III. — On  thk  Permian  Strata  of  thib  North  of  thr  Isle  of  Mak. 

By  Professor  Boyd-Dawkins,  F.R.S. 

rilHE  main  features  of  the  geology  of  the  island  are  identical  with 
_L  those  of  Cumberland  and  Westmoreland.  The  Ordovician 
strata  form  the  "massif"  in  both  areas,  and  constitute  the  sea-worn 
floor  upon  which  the  Carboniferous  rocks  rest  unoonformably.  The 
Bed  Sandstone  series  of  Peel,  1368  feet  in  thickness,  occupies  bat 
a  very  limited  area,  extending  from  the  Creg  Malin,  along  the  sea- 
front,  in  a  line  of  picturesque  cliffs,  about  one  and  a  half  mile  to 
the  north-east,  and  extending  inland  about  1700  feet,  llie  rocks 
may  be  divided  into  two  distinct  groups.  First,  the  Peel  Sandstone 
series,  or  Itoth-todt-liegende,  which  presents  a  thickness  of  913  feet, 
and  the  calcareous  conglomerates  and  breccias  of  the  Stack  series, 
455  feet  thick,  representing  the  Magnesian  limestone  of  the  Permians. 
These  rocks  are  faulted  into  the  Ordovioian  slates,  and  neither  their 
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troe  base  nor  their  upper  boundary  is  visible.  The  pebbles  of 
Oarboniferoos  Limestone  in  the  oonglomerates  point  to  a  post- 
Carboniferous  age,  and  the  physical  characters  of  both  divisions 
are  identical  with  those  of  the  Permian  rocks  of  the  North  of 
England,  and  more  particularly  with  those  of  the  Lake  District, 
of  the  Yale  of  Eden  and  Barrow  Mouth,  described  by  Sedgwick, 
Harkness,  Binney,  £ccles,  and  Nicholson.  It  is  clear  that  north- 
eastern Ireland,  the  northern  part  of  the  Isle  of  Man,  and  the  area 
of  the  Lake  District,  including  the  Vale  of  £den,  were  parts  of 
the  same  Permian  marine  basin,  in  which,  as  it  approached  southern 
Lancashire,  the  waters  gradually  were  more  highly  charged  with 
mud,  the  calcareous  element  being  conspicuous  in  the  one,  and  being 
replaced  in  the  other  by  thick  accumulations  of  marL 

li  e;  v  I  e;  ^w  s- 


L — ^Navno,  a  new  Oephalopodan  type.    By  J.  M.  Clarke.     (The 
American  Geologist,  vol.  xiv.  pp.  205-208,  pi.  vi.   October,  1894.) 

THE  author's  description  of  this  Oephalopodan  type  is  based  upon 
'*  seven  specimens  obtained  from  the  Trenton  shales  of  Min- 
neapolis and  from  the  Galena  shales  at  Obatfield,  Minnesota."  All 
the  specimens  represent  only  one  species,  for  which  the  name 
Nanno  aviema  is  proposed.  The  species  has  the  appearance  of  a 
short,  stout,  fusiform  Mtdoceras,  tapering  rather  rapidly  to  a  some- 
what acute  point  The  siphuncular  tube  (sipho)  is  marginal,  and 
oooupies  nearly  one-half  of  the  diameter  of  the  shell.  *'  The  septa 
are  gently  and  regularly  concave  over  most  of  their  surface,  but 
abruptly  deflected  immediately  above  the  sipho."  The  conical 
posterior  portion  is  aseptate ;  it  is  formed  by  the  inflation  of  the 
siphuncular  tube,  which  is  covered  by  a  thin  layer  of  the  test.  As 
in  the  genus  Endoceras,  the  siphuncular  tubes  (siphones)  are  some- 
times found  detached  from  the  rest  of  the  shell ;  they  have  then  the 
appearance  of  small  Belemnites,  whose  posterior  extremity  is  some- 
what inflated ;  the  cylindrical  portion  bears  oblique  impressions  as 
in  Endoceras,  but  these  are  interrupted  on  that  side  of  the  tube  which 
was  in  contact  with  the  shell-wall.  The  siphuncular  tubes  are 
"completely  solid  in  the  apical  portion  for  usually  about  one-half 
the  length  of  the  prsdseptal  cone,  but  in  some  examples  the  solidifi- 
cation extends  for  the  entire  length  of  the  cone  and  into  the 
cylindrical  part  of  the  tube.  The  cavity  of  the  sipho  above  this 
filling  is  a  narrowly  conical  chamber,  whose  walls  gradually  become 
thinner  from  the  apex  upward,  their  upper  edge  appearing  to  be 
rounded  off  and  finished." 

"  The  substance  of  the  siphonal  cone  and  walls  is  invariably  very 
compact,  radially  crystalline  calcite."  '^  Oross-sections  of  the  cone 
in  both  directions  indicate  ^  ^  that  this  is  composed  of  at  least 
two  invaginated  and  consolidated  sheaths,"  similar  to  those  found 
in  PiloceraSy  VaginoceraSf  and  Endoceras,  but  the  author  did  not 
observe  any  traces  of  a  tube  connecting  the  apices  of  these  sheaths, 
such  as  has  been  described  in  PiloceraB  and  Endoceras. 
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"An  As  ■peoinMnB  indicate  tbat  the  ehella  were  of  small  «M. 
....  Tlw  moat  tximplete  esan)|jle  lias  a  length  of  58mui.;  !}» 
iqHOkl  ootia  mBanKs  l.j  mm. ;  tlie  entire  tliameter  of  the  chelt  ii 
18 mm.  at  ita  wideat  [inrt  anil  16  mm.  at  or  near  the  aperture." 

Tbe  aathor  ngKris  tUin  Ceiihalopoiian  type  as  moat  nearly  related 
to  Dm  e«ntu  Moerrat,  but  tbe  tignres  aocompanyiog  the  paper 
■0  oloMj  naemble  ibose  illuetraling  Dr.  Gerliard  Holm's  paper, 
"Uaber  dt«  AnEuigskaniiner  von  Eadoeerat  M^mniff/unne "  (FkI 
Abhandl.,  Dunea  and  Esj^Ber,  vol.  iii.  (1),  1885,  pi.  i.),  that  it 
would  bim  been  interesting  if  the  aulLor  bad  pointed  out  tiw 
obuaoten  by  wbich  his  "  new  Ceplialopodan  type  "  differs  gfnerically 
fram  Holm's  E»doeera»  belemnili/orme.  We  think  the  two  sptviM 
an  oeriunly  rrfiBnbie  to  the  same  genus,  and  if  Holm's  specie* 
be  a  tms  Ewdoeeras,  Nanno  becomes  a  synonym.  It  if,  howevi^r, 
intereating  to  find  that  a  structure  very  Eimilar  to  that  described  by 
Holm  baa  now  beao  observed  in  American  specimens.     G.  C.  diei. 


U.— Thb  HiinuiJA  or  THE  Dkkf-Kivkb  Bkds.  By  W.  B.  Soon, 
(Tnuos.  Amer.  Phil.  Soc.  Vol.  XViJ.,  pp.  o5-lS5,  Plates  1-fi. 
Phitadelpbia,  1894.) 

rtbia  papar  ths  author  describes  in  detail  a  oolleotion  of  Mam- 
malian nmaina  from  tbe  Deep-River  Beds  of  Montana,  a  serin 
of  dapoaiti  oooarriag  in  a  Tertiary  lake  basin,  originally  discuveral 
by  Orinnell  and  Dall  in  1875.  The  beds  oousisi.  of  an  up|«r  snd 
a  lowsr  diTJsion,  from  both  of  whieli  coHiK'tiMH-i  li.ivf  l.c.-n  made 
The  npper  division  is  uuuuiJoretl  lu  ioiui  lLu  1uw»i,  Luiiu,u  ut  tbe 
Loup  Fork  Beds,  which  are  referred  by  the  author  to  the  Upper 
Hiooene.  The  lower  portion  is  regarded  as  being  on  the  horiioa 
of  the  uppermost  John  Day.  The  former  is  tentatively  correlsted 
with  the  Miocene  of  Steinheim  and  Sansan,  the  latter  with  that  of 
St  Gerand-le-Puy,  while  tbe  White-River  Beds  are  cxinsidered  U> 
be  approximately  equivalent  to  tbe  deposits  of  Rodzod,  and  sboald 
therefore  be  referred  to  the  Oligooene. 

One  of  the  most  interesting  forms  from  the  lower  divinno  is 
CynodetmuM  UuXiida,  a  dog-like  animal,  represented  in  the  oollection 
by  a  beautifully  preserved  skull,  the  upper  portion  of  whidi  ia 
broken  away,  exposing  a  natural  oast  of  the  brain  case.  The  surface 
of  tbe  cerebral  hemispheres  is  much  less  convoluted  than  in  any 
recent  member  of  the  Canidsa.  and  the  oerebellnm  is  only  veiy 
slightly  overlapped  by  the  hemispheres.  The  author  considers  that 
this  animal  is  probably  on  the  direct  line  of  descent  of  Canti,  cod- 
necting  tbe  latter  with  Daphanua  of  tbe  Wbite-Biver  Beds,  hence  it 
ia  possible  that  the  Canidm  must  he  added  to  the  list  of  families  that 
originated  in  tbe  New  World. 

Of  the  Equidffi,  Deamalhippui,  a  most  important  form  connecting 
Miohipptu  with  Protohippiu,  is  fully  described.  The  teeth  are  low- 
crowned,  with  the  valleys  partly  filled  with  cement,  and,  in  tbe  feet, 
the  lateral  digits  are  fairly  well  developed. 

Of  tbe  genus  Anehilherium  (in  the  restricted  sense  employed  b; 
the  aatbOT,  i.e.  excluding  ift'oAtppus  and  Mttohippiu),  one  speoiea, 


Reports  and  Proceedings — Oeological  SocUly  of  London.     563 

A.  eqrnnum^  oooura.  This  form  fairly  closely  resembles  the  European 
species,  A.  aureltanense,  but  in  some  respects  is  of  a  more  modernised 
type.  The  affinities  of  the  genus  are  discussed  at  length  and  cogent 
reasons  given  for  considering  that  it  is  quite  off  the  direct  line  of 
descent  of  Equus,  being  probably  an  abortive  side  branch  derived 
from  MiohippuSt  or  some  allied  form.  If  this  be  true  the  European 
representatives  of  the  genus  must  have  reached  the  Old  World  by 
migration. 

The  BhinoceridsB  are  represented  in  the  lower  beds  by  some 
undeterminable  fragments  only,  but  in  the  upper  the  remains  of  a 
species  of  Aphelops  are  found.  The  author  point«  out  an  inter- 
esting series  of  parallelisms  in  development  between  the  hornless 
Rhinoceroses  of  America  and  their  horned  congeners  of  the  Old 
World ;  the  common  ancestors  of  the  two  groups  are  probably  to  be 
found  among  the  Aceratheria  of  the  Oligocene. 

Of  the  Artiodactyla,  several  species  of  Oreodonts  referred  to  the 
genera  Mesoreodon,  Merychyus^  Merycochoertu,  and  Cyclopidius,  are 
described.  Meeoreodon  chelonyx  is  peculiar  from  the  fact  that  it 
possesses  an  ossified  thyroid  cartilage,  a  character  unique  among 
mammals.  It  b  suggested  that  this  structure,  like  the  greatly 
expanded  basihyal  in  the  howling  Monkeys,  was  connected  with 
great  power  of  voice.  The  same  species  is  further  remarkable  for 
the  presence  of  a  small  ossified  clavicle  and  of  a  distinct  meta- 
oromial  process  on  the  scapula. 

A  small  species  of  Blastomeryx,  B.  anteloptnuSf  is  described  and  its 
affinities  considered.  It  appears  to  be  an  Old  World  type,  nearly 
related  to  PalaomeryXt  and  may  possibly  be  an  ancestral  form  of 
AnUloeapra,  the  American  Prong-horn  Antelope,  which  it  must 
have  closely  resembled  in  outward  form,  the  horns,  however,  being 
nnbranched. 

The  Camelidss  are  represented  in  the  lower  beds  by  Po^brotherinm, 
and  in  the  upper  by  Protolahis  and  Procameltis,  In  the  axis 
vertebra  of  Protolahia  the  odontoid  process  is  intermediate  in 
structure  between  the  peg-like  form  occurring  in  Poebrotherium  and 
the  spout-like  condition  found  in  Procamelus  and  the  recent  Camels, 
this  latter  form  having  been  acquired  among  the  Camels  by  precisely 
the  same  series  of  modifications  as  in  the  Equidss,  in  which  series 
MiohippuSf  in  this  respect,  represents  Protolahis, 

FiniJIy,  in  the  upper  beds  remains  of  a  Mastodon,  M,  proavus, 
Cope,  are  found;  this  is  the  earliest  occurrence  of  the  genus  in 
America. 


Geological  Society  of  London. 

November  7th,  1894:.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair. 

Sir  John  Lubbock  exhibited  specimens  of  fossiliferous  limestone 
from  the  valley  of  Lauterbrunnen,  at  Miirren.  He  pointed  out  that 
the  specimens  contain  Nummulitee  Bamondi,  Orbitoides  dispansus,  etc. 
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M  determined  by  Prof.  T.  Bnpert  Jonet.  The  find  wm  peiliapi  tbe 
more  interesting  becanee  the  spedmens  were  obtained  fn»n  a  qntny 
by  the  road-side  in  the  village  of  Morren,  and  actually  between  the 
two  principal  hotels. 

Mr.  Etheridge  referred  to  the  position  of  the  Orbitoidal  limestonai 
on  the  slope  of  the  Miirrenberg.  and  stated  that  Prof.  Bnpert  Jonai 
had  examined  and  named  the  Foraminifera,  eto.,  oontained  in  the 
several  speoimens  ooUeoted  by  Sir  John  Lnbbook  and  himself  st 
Miirren. 

The  following  oommnnioations  were  read : — 

1.  ''Notes  on  some  recent  sections  in  the  Malvern  EKlIs.''  Bj 
Prof.  A.  H.  Oreen,  M.A.,  F.R8.,  F.O.8. 

The  sections  described  occur  on  the  east  side  of  the  Herefordshiie 
Beacon,  and  for  convenience  are  named  the  Warren  Honae  Bocki. 
They  are  bedded,  and  have  a  general  north-and-aonth  strike.  Hie 
great  bulk  of  the  rocks  are  hard,  close-grained,  and  splinteiy,  and 
are  largely  altered,  and  in  many  cases  thickly  veined  with  odcite. 
Details  of  their  structure  are  given ;  and  the  author  states  that  he 
is  inclined  to  regard  them  as  a  group  of  bedded  aoid  lavas  and  tail, 
crossed  by  three  bands  of  dolerite.  What  little  balance  of  evidence 
there  is  seems  to  be  in  favour  of  the  intrusive  character  of  the 
dolerites.  No  true  limestones  have  been  found,  and  the  only  veiy 
calcareous  rock  seen  is  regarded  as  a  rock  belonging  to  the  vokanio 
group  which  has  been  laigely  calcified. 

Somewhat  similar  rocks  are  found  on  the  southern  part  of  Rsggecl- 
stone  Hill,  and  a  shattered  felstone  occurs  forming  an  isolated  boss 
south  of  Gbase  End  Hill. 

Several  hypotheses  present  themselves  as  to  the  relationship 
between  tbe  Warren  House  Bocks  and  the  crystalline  schists. 
The  former  may  be  distinct  from  the  latter,  in  which  case  tbe 
absence  of  mechanical  deformation  would  indicate  that  they  are 
younger.  If  we  consider  that  the  Malvern  Schists  have  been  formed 
out  of  volcanic  rocks  by  dynamic  metamorphism,  the  Ragged-stone 
Hill  Bocks  may  be  a  portion  of  the  volcanic  complex  which  has 
undergone  only  partial  transformation,  whilst  the  Warren  House 
Bocks  have  altogether  escaped  metamorphism,  the  crystalline  schists 
representing  its  final  stages. 

2.  "  The  Denbighshire  Series  of  South  Denbighshire."  By  Philip 
Lake,  Esq.,  M.A.,  F.G.S. 

The  area  to  which  this  paper  chiefly  refers  is  the  south-western 
quarter  of  the  Llangollen  basin  of  Silurian  rocks.  The  beds  are 
here  very  little  disturbed,  and  the  sequence  is  readily  made  out 
The  following  subdivisions  are  recognized  (in  descending  order)  :— 

Leintwardinensts  Slates ;  with  Monograptus  Leintwardinenm, 
Upper  gritty  beds;  with  no  fossils  known. 
Nantglyn  Flags ;  with  M,  colonuSf  Cardiola^  etc. 
IMoel  Ferna  Slates ;  with  M,  priodon,  M.  Fleming ii, 
Pen-y-glog  Grit 

Pen-y-glog  Slate;   with  J/",  personatm,  M.  priodon,  Betioliitt 
Geimtzianus,  e\xi. 
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Farther  east  the  fossiliferous  heds  of  Dinas  Bran  appear  to  lie 
oonsiderably  above  the  Leinttoardinensts  Slates. 

On  comparison  with  other  areas  it  is  found  that  this  suocession 
is  almost  identical  with  that  in  the  Long  Mountain,  in  North 
Denbighshire,  and  in  the  Lake  District.  It  is  also  inferred  that 
the  Leiniwardinenns  Slates  represent  the  Leintwardine  Flags  of 
Herefordshire,  and  that  the  Dinas  Bran  beds  correspond  with  a 
part  of  the  Upper  Ludlow. 

3.  "  On  some  Points  in  the  Geology  of  the  Harlech  Area."  By 
the  Bev.  J.  F.  Blake,  M.A.,  F.G.S. 

In  testing  the  conclusions  arrived  at  in  regard  to  the  Llanberis 
and  Penrhyn  area  by  an  examination  of  that  of  Harlech,  two 
questions  are  raised  concerning  the  latter: — (1)  Can  a  succession  be 
traced  below  the  Purple  Slates  similar  to  that  which  the  author  has 
described  as  occurring  in  Caernarvonshire?  and  (2)  Where  is  the 
most  natural  break  in  the  series,  and  does  it  show  an  unconformity  ? 

With  reference  to  the  first  question,  the  author  gives  his  reasons 
for  concluding  that,  as  far  as  the  succession  is  seen  in  th^  Harlech 
area,  it  is  similar  to  that  of  Caernarvonshire.  A  group  of  Purple 
Slates  is  described  which  so  closely  resemble  the  Llanberis  and 
Penrhyn  Slates,  that  he  considers  that  he  is  justified  in  definitely 
correlating  them  with  those  slates.  Below  these  sure  slaty  grey- 
wackes,  which,  if  not  identical  with  those  of  Caernarvonshire,  bear 
a  greater  resemblance  to  them  than  any  other  part  of  the  series  does. 
No  older  beds  are  seen.  Above  the  Purple  Slates  are  the  Harlech 
Grits  proper. 

In  discussing  the  second  question,  the  author  describes  con- 
glomeratic beds  occurring  some  distance  above  the  base  of  these 
Harlech  Grits;  but  at  Pont  Llyn-y-Crom  the  junction  between  them 
and  the  underlying  Purple  Slates  shows  features  recalling  what  is 
seen  at  Bronllwyd.  He  discusses  the  possible  existence  of  an 
unconformity  at  the  base  of  these  grits,  and  concludes  that  on  the 
whole  the  phenomena  point,  though  not  very  strongly,  to  an 
unconformity  of  no  great  importance. 

The  concluding  part  of  the  paper  is  occupied  with  a  consideration 
of  the  question  of  classification  of  the  Cambrian  strata  and  those  in 
juxtaposition  with  them. 


SIR  H.   HOWORTH  ON  THE  HOLDERNESS    BOULDERS. 

SiB, — The  title  and  some  of  the  paragraphs  of  Sir  Henry 
Howorth's  latest  contribution  have  been  penned  under  a  singular 
misapprehension.  I  have  written  not  a  word  **  on  the  Scandinavian 
Ice-sheet,"  nor  offered  any  opinion  as  to  the  mode  of  transport  of 
those  very  damaging  boulders.  I  have,  indeed,  my  own  views  on 
these  questions,  but  have  kept  them  to  myself  with  the  modesty 
which  your  correspondent  recommends.  This  reserve  I  propose 
to  maintain,  despite  Sir  Henry's  somewhat  inconsistent  challenge 
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to  DM  to  flotkr  llie  lists  agKinst  "  the  best  men  "  mnORg  Olncuil 
gMlogiats — m«ajiing,  as  be  rather  quaiDtly  explains,  Ui«  men  be 

Tb«  loU  atatement  or  mine  with  which  we  are  concenied  is  that 
oertain  bonldera  extracted  bj  Mr.  Lamplugh  and  nijeelf  from  ^ 
HoldomeM  BcxiIdfit'Claya  are  of  Norwegian  origin.  Extricittif 
from  Sir  Haoi-y's  commanication  what  tB  germane  \o  this  quM^on, 
I  not*  fint  that  the  ballast  theory  has  taken  a  more  definite  shape. 
It  may  hvn  occurred  to  the  writer  that  there  is  no  port  on  tla 
Hold^iMM  OMst.  and  that  the  number  of  Tesaels  from  ChriBtianii 
out  swmj  there  ia  limited.  For  whatever  reason.  Sir  Henr;  now 
ouriea  tu  bftok  to  the  age  of  the  Vikings,  who.  it  appears.  ballssMd 
their  ahipa  with  little  pieces  of  rhombenporphyr,  and  UBed  sniall 
pebbles  of  laorvikit«  fur  anohors ;  and  he,  apparently,  would  hsv9 
aa  beliovs  that  the  stones  now  on  the  strand  have  Iain  there  iin- 
distorbed  for  many  centuries !  To  anyone  who  has  watched  iha 
noveineDt  of  this  beach,  which  no  artificial  works  have  been  able 
to  hold,  .or  who  reflects  that  in  the  days  of  the  Vikings  the 
HoldemeM  eonst-liue  must  certainly  have  been  several  miles  to 
■eawud  of  ila  present  site,  this  idea  will  come  with  all  the  force 
of  notelty. 

Bat,  berideo  the  pirates  from  Viken,  Sir  Henry  has  two  other 
atringa  to  his  bow.  One  is  the  idea  that  we  have  mistaken  boiililen 
driven  into  U«  face  of  the  cliff  by  high  tides  for  honHers  belonging 
to  the  day.  Sir  Honry  is  rather  fertile  in  sii-jcesiitii;  foolish 
blandera  that  somebody  else  may  have  made,  and  1  do  not  see  bow 
be  is  to  be  oonvinced  on  this  point  except  by  personally  examining 
the  clifia  that  he  writes  about,  whit^  is  perhaps  too  much  to 
expect  ^m  so  busy  an  author.  But,  since  he  inqnirea  whether 
boulders  of  the  rocka  in  question  have  been  found  inland,  I  veDtun 
to  remind  biro  of  such  a  fiud  made  at  Cambridge  by  an  obserrei 
in  whose  caution  he  hss,  I  am  sure,  full  confidenoe.  It  was  recorded 
by  me  in  your  July  Number,  and  still  awaita  Sir  Henry's  attenlion. 
In  the  northern  oounties,  where  bo  many  thousands  of  boulders  bsTs 
been  critically  examined,  there  ia  no  reoord  of  the  ^pea  in  question 
exoept  from  the  eastern  ooast-line. 

This  last  significant  fact  will  afford  exeroise  for  Sir  Henry's 
ingenuity  with  reference  to  bis  remaining  alternative,  viz.  that  tbeae 
rock-types  may  occur  in  titit  somewhere  in  Britain,  apparently  in 
Durham,  the  Cheviots,  or  the  Lake  District  Assuredly  Uiis  sugges- 
tion cannot  have  been  submitted  to  the  writer's  pelrological  adviser. 
Recalling  that  the  disputed  boulders,  of  at  least  four  distinct  types, 
have  all  been  matched  in  one  district  of  Norway,  and  that  the 
British  areas  indicated,  which  are  aa  thoroughly  known  aa  any  part 
of  this  country,  have  yielded  nothing  remotely  resembling  any  ons 
of  those  types,  we  may  fairly  ask  for  some  surer  ground  for  this 
very  original  hypothesis  than  the  exigencies  of  Sir  Henry  Howorth'a 
glacial  theories. 

St.  Johm'b  Colleob,  Cahbbidoi.  Aiwuwn   TTmirn. 

AugiM  \8tK,  W»*.  ALFBKD    tlABKIB. 
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NEW  LOCALITIES  FOE  THE  MINERALS  BEOOKITE,  NATROLITE, 

AND  BARYTES, 

Sib, — I  have  recently  discovered  a  new  locality  for  Brookite 
and  Nairolite  in  Caernarvonshire  (the  old  locality  is  near  Tremadoo). 
The  Gimhlet  rock,  Pwllheli,  consists  of  a  compact  ophitic  dolerite 
containing  lahradorite,  large  hrilliant  crystals  of  augite,  and  magnetite. 
Fissures  traverse  the  rock  in  all  directions,  and  are  filled  with 
qaartz  and  oalcite.  Small  bright  crystals  of  Brookite  are  imbedded 
in  the  dolerite  and  project  into  the  fissures;  they  are  in  many 
cases  surrounded  and  covered  by  calcite,  but  are  i*evealed  on  removal 
of  the  latter  by  hydrochloric  acid.  The  largest  crystals  have  a 
diameter  of  one  quarter  of  an  inch,  and  are  tabular  in  habit: 
the  large  faces  are  striated  in  the  direction  of  the  vertical  axis. 

The  mineral  Nairolite  occurs  in  geode-like  cavities  in  the  dolerite, 
and  is  intimately  associated  with  oalcite  and  quartz.  The  radiating 
spherical  groups  of  Nairolite  are  white  in  colour,  and  from  one 
quarter  to  half  an  inch  in  diameter. 

Last  August  I  had  occasion  to  visit  Dosthill,  near  Tamworth,  and 
am  able  to  add  a  new  mineral  to  the  list  of  those  hitherto  known 
as  occurring  in  Warwickshire.  The  mineral  is  Baryies,  and  occurs 
in  veins  an  inch  in  diameter  in  the  Cambrian  shales.  The  crystals 
have  a  beautiful  reddish  colour  due  to  enclosed  ferric  oxide. 

122.  L^ooD^RoAD,  Handsworth,  Birmingham.       ^  j^  Habrison,  Jun. 

GLACIAL  GEOLOGY. 

Sib, — Although  I  scarcely  think  that  Sir  H.  H.  Howorth's  letter, 

fublished  in  your  November  Number,  calls  for  any  remark  from  me, 
cannot  refrain  from  noticing  a  few  of  his  arguments,  as  they 
reflect  strongly  upon  his  controversial  methods. 

It  is  an  impertinence,  it  would  seem,  for  me  to  say  anything  about 
Switzerland  and  its  glaciers,  or  to  look  at  them,  seeing  that  others 
have  already  been  there,  and  that  a  whole  library  was  written  upon 
the  subject  before  I  was  born!  Indeed,  it  was  an  unjustifiable 
public  advertisement  to  say  that  I  had  ever  been  there  or  had  even 
seen  a  glacier  1  At  the  same  time  he  regards  it  as  preposterous  that 
'*  those  who  have  never  studied  the  mechanics  of  ice  in  a  laboratory, 
and«  what  is  more  strange,  have  never  seen  a  glacier  at  all,"  should 
write  upon  the  subject.  There  is  clearly  no  way  out  of  the  diffi- 
culty ;  I  must  do  something  preposterous  or  be  impertinent,  if  I 
am  legitimately  to  interest  myself  in  glacial  matters  I 

His  answer  to  the  demand  I  made  for  a  statement  of  the  angle  of 
slope  at  which  a  glacier  ceases  to  flow  is  equally  characteristic.  We 
learn  that  Forbes  ''collected  considerable  evidence  to  show  what 
the  least  angle  is  upon  which  ice  will  begin  to  move.  This  is  the 
slope,  the  least  slope^  available."  In  other  words  it  is  "as  much 
again  as  half." 

We  also  learn  that  although  the  Antarctic  continental  ice  may 
move  into  deep  water,  and  present  a  vertical  wall  of  ice  to  the  ocean 
^0  miles  long  and  more  than  150  feet  high,  to  imagine  that  con- 
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tliwntal  Arotto  ice  can  do  the  umo  thing  required  "the  inv«tiUcn 
of  CroU,  wha,  sitting  in  bis  arm-chair,  and  eaiJi>wed  wicli  a  brilliant 
imagliMtion,  iinpuseil  upon  sober  hoiudca  the  extraordinary  postulate": 
•ad  tbs  sober,  simple,  sdentifiu  explanation  of  every  diffloullj. 
Imatpiwd  or  real,  is  that  the  upheaval  of  "the  highunt  mmtea  a( 
lud  on  tbe  earth,  including  the  inasaive  moimlains  of  Axis  aud  the 
Anierioaa  Coriiillera,"  was  "  very  rapid,  if  not  eiidden."  and  tiiat 
"the  breaking  up  of  the  earth's  orust  at  tlie  time,  of  nhicb  tU 
endenoe  seems  to  be  overwhelming,  necessarily  caused  great  wtvet 
of  tnoilatiou  to  traverse  wide  continental  areas."  His  own  votit, 
*'  no  KMDce  but  long-auflering  geology  would  tolerate  the  absurditj," 
■Mm  more  to  the  point  here. 

ThsTS  need  be  no  loss  of  temper  or  heated  argument  on  th« 
■alnwtt.  Neither  dogmatio  assertion  nor  tbe  weight  of  aulborit; 
will  nltiiuately  prevail.  In  the  eyes  of  many  it  may  be  impertinent 
of  mo  to  have  opinions  on  this  or  any  other  subject;  but  all,  il 
WeniB  to  me.  have  a  right  to  add  their  mite  in  the  hope  that  it  will 
SMiat  in  the  elucidatiou  of  the  truth.  Of  one  thing  I  am  sure,  mi 
that  it,  that  allbaugh  we  have  been  preceded  by  Forbes,  AgaMiz, 
Biabop  Rendu,  Bamsay,  and  Tyndall,  and  a  host  of  others  wlio 
luve  OMsed  to  work  in  this  world,  there  still  remains  vei;  uucb 
to  be  done. 
.    10,  Om*BjiwaoD  Stkmmt,  Disbt.  B.  M.  Dbklst. 

THH  "SOCTILGB^  DaiFT." 
Sib, — I  am  sorry  that  in  my  paper  there  shotild  have  been  sn; 
■tateraent  which  Prof.  Freatwioh  or  anyone  else  onuld  consider 
mieleading.  In  mentioning  the  name  of  Prof.  Phillips,  as  well  at 
that  of  Prof.  Frestwioh,  in  oonneotion  with  the  Southern  Drift,  tuj 
only  object  was  to  afford  information  to  those  anaoqnainted  with 
the  literature  of  the  subject  I  suppose  I  pnt  Phillips  first  beosuM 
the  date  of  the  work  referred  to  (1871)  was  earlier  than  the  quoted 
paper  of  Prof.  Prestwioh.'  But  no  one  who  is  at  all  acquainted  with 
Ueology,  or  even  with  oonteraporaiy  history,  can  snppose  that  tbe 
slight  reference  in  Phillips's  work  bears  any  sort  of  oomparison  to 
the  full  and  exhaustive  work  of  Prof.  Preslwich,  who  has  dona 
more  than  any  other  geologist  to  create  an  interest  in  the  onoe 
despised  "  superficial  deposits."  Nor  is  it  any  disparagement  of 
Prof  Phillips's  reputation  as  a  geologist  that  his  treatment  of  tbaH 
deposits  in  the  Thames  district  should  be  neoeasarily  imperfect,  and 
to  some  extent  based  on  information  supplied  by  others.  It  is  evideat 
that  he  knew  of  a  hill-gravel  formed  by  "  currents  from  the  south 
transporting  flints  and  sarsen-stones " ;  but  the  passage  quoted  hy 
Prof.  Prestwich  contains  all  that  he  lias  said  on  the  subject  in  tbe 
work  referred  to.  He  has  also  figured  neolithic  forms  aa  "  Imple- 
ments from  the  drift." 

*  Prof.  Pratirich  vritea : — "  Thii  is  a  miitske.  Frof.  IVeitwiah'B  first  paper  oa 
this  subject  was  pubtiahed  in  1817.  Beaides,  flint,  graTel,  and  •at*en-etonee  ofaw  do 
not  prove  a  diilt  from  the  soutji.  It  might  as  well-  have  been  from  the  wail  u 
north-west."— J,  P, 
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I  hope,  therefore,  that  Prof.  Prestwich  will  acoept  my  assnranoe 
that  I  had  no  intention  of  suggestiDg  that  he  was  in  any  way 
indebted  to  Phillips.  I  regret  also  that  my  reference  to  the  Weald 
is  not  saffioiently  clear ;  I  said :  "  It  is  open  to  question  whether  the 
Weald  ever  had  the  character  of  a  mountain -region."  The  question 
which  I  was  considering  was  whether  stones  are  ever  worn  by  the 
action  of  torrents  so  as  to  produce  a  groove  in  one  side,  and  I  plaoed 
the  remarks  quoted  above  in  a  footnote.  Of  course  the  Weald  must 
at  some  time  have  been  a  region  of  comparative  elevation ;  but  con- 
sidering the  nature  of  the  materials  of  which  it  was  composed,  and 
that  denudation  must  have  gone  on  during  the  period  of  gradual 
elevation,  it  appeared  to  me  permissible  to  doubt  whether  it  was 
ever  a  mountain-region  in  the  sense  in  which,  for  instance,  the 
district  of  Snowdon  is  a  mountain-region ;  that  is  to  say,  a  region 
giving  birth  to  numerous  torrents. 

But  in  any  case  the  argument  in  my  paper  would  not  be  affected ; 
and  I  have  certainly  no  wish  to  raise  a  controversy  on  a  matter  in 
regard  to  which  Prof.  Prestwich  knows  far  more  than  I  do. 

Thobndalb,  C&ayen  Road,  fisADiKo.  0.  A.  Shbubsols. 


MOUNTAIN-MAKING  BY  TENSION. 

Sni, — Mr.  Yaughan  ''having  stated  a  new  theory  to  account  for 
the  inequalities  of  the  Earth's  Surface,"  and  this  theory  being 
dependant  upon  the  tensile  strength  of  the  Earth's  crust,  I  suggested 
that  he  should  favour  us  with  some  proof  that  the  outer  shell  of  the 
Earth  is  sufficiently  strong  to  do  the  work  demanded  of  it.  He 
observed  in  his  first  paper,^  ''It  obviously  follows  that  the  outer 
shell  exerts  a  squeezing  force  upon  the  interior,  and  by  compressing 
the  mass  into  a  smaller  volume  increases  its  density."  In  my 
communication  to  this  Magazine^  I  pointed  out  that  no  tensile 
stress  that  the  Earth's  crust  could  stand  would  be  sufficient  to 
compress  the  materials  of  the  interior  of  the  Earth,  stating  in  effect 
that  if  the  outer  shell  is  assumed  to  be  30  miles  thick,  and  of  the 
tensile  strength  of  steel,  it  could  not  exert  a  pressure  of  half  a  ton 
per  square  inch  upon  the  interior  without  fracturing. 

Mr.  Yaughan  now  says  that  he  does  not  rely  upon  decrease  of 
volume  due  to  pressure,  but  "  upon  the  trannference  of  material  from 
beneath  a  surface  of  great  pressure  to  below  a  surface  upon  which 
the  pressure  is  much  less."  This  is  not  very  different  to  what  I 
understood  of  his  theory  from  his  first  paper,  and  my  calculation 
was  given  merely  to  show  what  an  exaggerated  view  Mr.  Yaughan 
held  of  the  compressive  powers  of  a  contracting  crust.  Mr.  Yaughan's 
theory,  so  far  as  I  can  understand  it,  appears  to  be  this : — Mountain 
Kanges  are  produced  by  the  differential  tensile  stresses  of  a  shrinking 
crust  causing  a  local  flattening  of  the  Earth's  curvature,  and  thus 
compelling  a  flow  of  material  from  where  the  crust  is  strong  enough 
to  prevent,  to  where  it  is  weak  enough  to  permit  of,  bulging.  Now, 
on  the  assumption  that  a  shell  of  steel  30  miles  thick  represents  the 
tensile  strength   of  the  contracting  crust — an  exceedingly  liberal 

1  Omol.  Mao.  1894,  p.  264.  ^  IlAd.^.  VV^. 
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ettimate — the  majdmiim  effaot*  leftviiig  oat  of  aoooont  inienil 
friction,  would  be  equal  to  nising  a  oolnmn  of  rook  1000  feet 
above  tbe  normal  of  the  Earth*8  tarfaoe;  biit»  when  we  oome  to 
oonrider  a  local  contraction  of  the  oniat»  we  have  an  exoeedinglj 
complex  problem  to  deal  with.  Each  lection  of  the  apherioal  bWI, 
inch  as  we  have  aasomed,  would  initially  poaaeai  tensile  strength 
■nfficient  to  pot  the  same  pressure  per  sqnare  inch  npon  the  interior 
of  the  sphere  that  the  whole  shell  would ;  bat*  as  the  area  beoamo 
flattened  by  contraction,  its  power  of  oompressloa  would  beoomo 
proportkmally  less.  Tskiog  this  into  oonsiderationt  together  with 
internal  friction,  in  small  areas  the  elevatory  efiect  by  tcansfiBnooe 
of  material  would  become  infinitesimaL 

If  this  reasoning  be  true,  and  I  believe  it  to  be  ao,  Mountain- 
Making  by  Tension  is  an  impossibility.  It  will  not  account  for 
either  the  shape,  height,  bulk,  or  linear  direction  of  Moontain 
Banges  as  we  know  ^m,  muoh  less  the  compression  and  folding 
most  of  them  have  undergone.  We  are  thus  thrown  back  npon 
some  theory  of  compression  would  we  account  for  mountain- 
structure  as  seen  in  Nature. 

Before  concluding,  I  would  point  out  that,  in  addition  to  tfaeae 
quantitative  deficiencies,  Mr.  Yaughan's  theory  seems  to  invol^  a 
mechanical  contradiction.  If  the  tensile  strength  of  the  contracting 
crust  were  great  enough  to  do  the  required  work,  a  strong  enoogh 
anchorage  would  be  needed  at  the  boundaries;  whereas  by  tibe 
hypothesis  this  is  the  weak  part,  otherwise  it  could  not  be  elevated 
by  material  forced  to  flow  under  it  from  below  the  contracting  area. 
It  seems  to  me  very  like  the  case  of  a  man  trying  to  lift  himself  up 
by  pulling  at  tbe  chair  he  is  sitting  upon. 

Pa&k  Cobnbb,  Blundbll  Sandb,  Liybbpool.  T.  MsLiiABD  Rkadi. 
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WILLIAM    TOPLEY,    F.R.S.,    F.G.S. 

Born  Mabch  IStk,  1841.  Dud  Sbptbmbb&  30th,  1894. 

(With  a  Portrait.) 

William  Topley  was  bom  at  Qreenwioh,  on  March  13th,  1841; 
and  after  gaining  his  early  education  at  local  schools,  he  received, 
during  the  years  1858-61,  the  valuable  scientific  and  practical 
training  of  the  Royal  School  of  Mines. 

In  1862  he  was  appointed  an  Assistant  Geologist  on  the  Geological 
Survey,  when  Murchison  was  Director- General,  and  Ramsay  was 
Local  Director  for  Great  Britain.  He  then  commenced  field-work 
under  the  guidance  of  Dr.  (now  Professor)  Le  Neve  Foster,  who, 
with  others,  was  engaged  in  the  Survey  of  the  Wealden  area. 
There  be  was  initiated  into  the  methods  of  geological  mapping 
among  the  changeful  Hastings  Beds,  at  Mayfield  and  other  places 
between  Burwash  and  Lindfield,  to  the  south  of  Ashdown  Forest 
There,  too,  in  course  of  time,  he  gained  a  detailed  knowledge  of 
the  Cretaceous  and  Neocomian  formations,  and  his  interest  was 
aroused  in  queatVon^  o^  P\i^«\cal  Geolo^,  to  which  for  many  yean 

gave  partvoulax  aXtenXXoxi. 
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In  OODJ unction  with  his  colleague  Dr.  Foster  he  made  a  study 
of  the  superficial  deposits  over  a  large  part  of  the  Wealden  area, 
and  more  especially  of  the  gravels  of  the  Medway  valley ;  and 
together  they  elaborated  in  I860  the  well-known  paper  in  which 
they  brought  their  knowledge  to  bear  on  the  vexed  subject  of  the 
I>enudation  of  the  Weald.  In  this  essay  they  gave  numerous 
facts  and  new  arguments  to  prove,  what  had  in  general  terms  been 
taught  by  Ramsay,  that  the  main  features  of  the  ground  were 
sculptured  by  the  agency  of  rain  and  rivers. 

On   the  completion  of  the  Geological  Survey  of  the  Wealden 
area,  the   preparation   of  the   descriptive   Memoir  devolved  upon 
Mr.  Topley.     Other  colleagues,  Mr.  F.  Drew,  Mr.  C.  Gould,  and 
Dr.    Foster,  who  had  mapped  large  portions  of  the  region,  had 
resigned  their  official  positions ;  but  Mr.  Topley  had  had  numerous 
opportunities  of   becoming  generally   acquainted   with  the   entire 
district.      How  carefully  his   Memoir  was  written,   and  how  ex- 
haustively (so  far  as  our  knowledge  then  existed),  is   known  to 
every  geologist     The  book,  which  was  published  in  1875,  at  once 
became  the  standard  work  of  reference ;  for,  apart  from  its  original 
information,  it  gave  evidence,  as  did  all  his  writings,  of  a  thorough 
study  of  the  publications  of  other  observers,  and  a  full  acknow- 
ledgment of  all  they  had  done. 

Meanwhile  Mr.  Topley  had  been  instructed  to  proceed  to  the 
Goal-field  of  Northumberland  and  Durham,  and  much  of  his  literary 
labour  connected  with  the  Memoir  had  to  be  performed  in  that 
northern  region  in  the  winter  time,  or  at  other  seasons  when  field- 
work  was  impracticable.  In  1868,  after  six  years'  service,  he  had 
been  advanced  to  the  rank  of  Geologist  on  the  Geological  Survey 
— promotion  in  those  earlier  days  being  far  more  rapid  than  at  the 
present  time. 

When,  in  1872,  the  Committee  of  the  Sub- Wealden  Exploration 
commenced  their  active  operations  near  Battle,  Mr.  Topley  was, 
of  course,  specially  interested.  He  was  one  of  the  first  to  be 
consulted,  and,  later  on,  he  was  expressly  sent  by  the  Geological 
Survey  to  the  locality,  to  examine  and  report  upon  the  cores  brought 
up  by  the  boring-apparatus.  He  was  thereby  enabled  to  record, 
in  his  Memoir  on  the  Geology  of  the  Weald,  particulars  of  the  strata 
and  their  fossils  to  a  depth  of  over  1000  feet  The  classification 
of  the  strata  given  in  that  work  was  subsequently  modified,  and 
Mr.  Topley  from  time  to  time  contributed  many  reports  and  other 
articles  on  the  subject  (see  Appendix). 

A  considerable  portion  of  Mr.  Topley's  sojourn  in  the  north 
was  spent  at  Eothbury,  near  Morpeth,  and  at  Alnwick,  where 
his  studies  were  directed  mainly  to  the  Carboniferous  rocks  and  to 
the  Glacial  Drifts.  The  nature  of  that  great  sheet  of  basalt  known 
as  the  Whin  Sill,  also  engaged  his  attention  and  that  of  his  friend 
and  former  colleague.  Prof.  Lebour,  and  the  result  of  their  obser- 
vations was  to  prove  its  intrusive  character. 

The  subject  of  Denudation  never  ceased  to  interest  Mr.  Topley, 
and  when,  during  the  early  years  of  the  Gaologioal  Maoazimb, 
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man  J  wann  dieonssions  took  plaoe  oonoeming  the  otifftt  of  etoup- 
menta  and  other  featares,  he  joined  in  the  fray  on  behalf  of  nb- 
aerial  agents.  In  oonfirmation  of  Tiewa  that  had  been  expnned 
with  regard  to  other  regions,  he  pointed  ont  how  in  East  Yorbhin 
antiolines,  by  their  fissured  snmmita,  had  been  readily  aoted  upon 
by  inland  agents  of  erosion,  whereas,  in  oertain  oases,  syndukM 
had  better  withstood  the  assanlts  of  run  and  rivera. 

In  1880  Mr.  Topley  was  called  npon  to  abandon  his  field«woik 
in  Northumberland  in  order  to  snperintend  the  publioation  of  Hipi 
and  Memoirs  at  the  (}eologioal  Survey  Offioe  in  Jermyn  Stnet 
This  post,  which  for  many  reasons  was  congenial  to  him,  ha 
continued  to  occupy;  and  on  the  retirement  of  Mr.  Edward  Beit 
in  1893,  Mr.  Topley  was  entrusted  with  the  entire  charge  of  the 
office.  Throughout  this  period  in  London  the  multifarious  duties  of 
the  department  gave  but  little  opportunity  for  oontinuous  sdentifio 
work :  ever  busy,  he  was  seldom  able  to  do  more  than  the  rootine 
work  of  the  office,  but  his  wide  knowledge  and  experience  were 
always  at  the  service  of  his  colleagues  and  of  others  who  frequently 
sought  advice  and  information. 

&gl6T  at  all  times  to  promote  the  progress  of  Qeology,  Mr. 
Topley  took  a  leading  part  in  the  work  of  that  most  useful  com- 

Eendium  of  geological  literature,  the  Oeologioal  Record ;  and  here 
is  extensive  acquaintance  with  bibliography  was  of  great  service. 
Finally,  in  1887,  he  undertook  the  post  of  Editor,  at  a  time  when 
the  Record  was  in  a  somewhat  troubled  condition,  owing  to  delsyi 
in  publication.  These  had  arisen,  despite  every  effort  made  by 
the  untiring  and  disinterested  exertions  of  the  original  Editor, 
Mr.  Whi taker.  In  labour  which  is  arduous,  by  no  means  UDi- 
formly  interesting,  which  brings  but  little  credit,  and  is  wholly 
unremunerative,  it  is  far  from  easy  to  gain  and  retain  steady- 
working  contributors.  Men  may  come  to  aid  the  work;  but  too 
often  they  go  after  dissipating  a  small  amount  of  energy  in 
recording  titles  and  making  short  abstracts  of  papers.  Two 
volumes,  dealing  with  the  literature  of  1880-84,  were  brought 
out  in  1888  and  1889 ;  but,  even  with  the  effective  help  rendered 
by  Mr.  C.  D.  Sherborn,  the  Geological  Record  had  ultimately  to 
be  abandoned. 

Mr.  Topley  joined  the  British  Association  at  the  Meeting  held 
in  Brighton  in  1872,  and  was  at  once  made  one  of  the  Secretaries 
of  Section  C  (Geology) ;  and  from  1872  to  1888  he  served  this 
offioe  during  no  less  than  fifteen  meetings.  He  was  for  several  years 
Secretary  of  a  committee  appointed  by  the  Association  to  report 
npon  the  Coast  Erosion  of  England  and  Wales.  He  was  also  for 
some  years  a  member  of  the  Councils  of  the  Geological  Society  and 
of  the  Geologists'  Association.  In  1885  he  was  elected  President 
of  the  latter  body,  and  during  his  term  of  office  he  prepared  the 
interesting  account  of  "  The  Life  and  Work  of  Professor  John 
Morris,"  which  he  read  in  1886  in  place  of  an  Anniversary 
Address.  The  long  excursion  of  the  Association  for  the  same 
year  was  made  to  tVie  kTdi«uxi<^  oii  the  frontier  between  Belgium 
and   Franoe ;   and  ilh^»  VSo^f^  «e«(yiA  Vstss^gi  ^t5sq3»w^\^  ^^  <\ua 
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of  singtilar  interest  and  siiooess.  It  was  organized  with  the  aid 
of  M.  Dapont,  but  the  arrangements  and  direction  of  the  excur- 
sion fell  largely  upon  the  President,  Mr.  Topley.  In  the  following 
year,  aided  by  Professor  Lebour,  the  President  conducted  the 
Association  to  many  of  the  scenes  of  his  former  labours  in 
Northumberland.  On  other  occasions  he  led  the  Members  to 
some  of  his  old  haunts  in  the  Wealden  area,  and  to  several 
localities  in  and  around  London. 

When  the  International  Geological  Congress  arranged  for  a 
meeting  in  London  in  1888,  Mr.  Topley  (who  had  attended  previous 
gatherings)  was  chosen  as  one  of  the  Secretaries,  and  then,  not 
only  during  the  meeting,  but  for  a  long  while  before  and  after- 
wards, his  energies  were  severely  taxed  with  the  many  duties 
he  had  to  perform.  One  feature  of  this  London  meeting  was 
the  promptitude  with  which  the  printed  agenda  and  reports  of 
proceedings  were  issued  day  by  day — work  that  was  only  accom- 
plished by  dint  of  burning  much  midnight  oil. 

In  1885  Mr.  Topley  had  prepared  an  elaborate  Report  on  the 
National  Geological  Surveys  of  Europe;  and  he  was  much  in- 
terested in  the  question  of  an  international  scheme  of  colouring 
for  geological  maps.  He  had,  in  1881,  been  appointed  to  super- 
intend the  publication  of  the  British  section  of  the  Geological 
Map  of  Europe,  promised  by  the  International  Geological  Congress ; 
and  in  1888  (conjointly  with  Mr.  J.  G.  Goodchild)  he  prepared 
the  excellent  little  Geological  Map  of  Europe  which  accompanies 
the  second  volume  of  Prof.  Prestwich's  Geology. 

Thus  were  his  services  in  constant  demand.  At  one  time 
Agricultural  Geology  occupied  a  large  share  of  his  attention,  and 
be  had  gathered  together  much  material  bearing  on  the  subject, 
with  the  view  of  publishing  a  work  on  Soils  in  their  relation  to 
Geology.  Several  essays  dealing  with  these  matters  were  printed, 
and  perhaps  the  most  important  outcome  of  his  studies  in  the 
South-east  of  England  was  his  paper  dealing  with  the  connection 
between  the  Parish  Boundaries  and  the  great  physical  features 
which  are  dependant  on  the  geological  structure.  The  subject  was 
first  brought  before  the  Brighton  meeting  of  the  British  Association 
in  1872,  and  it  there  attracted  very  considerable  attention.  The 
author  showed  how  the  ancient  divisions  of  the  land  were  made 
according  to  the  water-supply,  the  soil,  and  situation ;  portions 
of  down-land  being  taken  to  pasture  sheep,  the  productive  tracts 
for  agriculture,  and  portions  of  forest-land,  whether  wood  or  open 
glade,  for  swine  and  as  pasture  for  cattle. 

In  later  years  the  subjects  of  Applied  Geology  occupied  the 
greater  part  of  Mr.  Topley's  leisure  hours.  He  had  given  a  good 
deal  of  attention  to  the  mode  of  occurrence  of  Phosphates ;  he 
wrote  a  report  on  the  geological  distribution  of  Gold  and  Silver ; 
discussed  the  schemes  for  the  construction  of  a  Channel  Tunnel ; 
and  wrote  concerning  the  discovery  of  Coal  in  Kent. 

The  subject  of  Water  Supply,  however,  more  than  any  other 
engaged  his  mind,  and  it  was  one  on  which  he  was  recognised 
as  a  leading  authontj.    The  needs  of  Ha&Un^B,  Tunbrid^e  Wells^ 
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Croydon,  Binninghftm,  tt  well  u  of  Londoiiy  and  many  otter 
oentres,  large  and  small,  were  inTeatiffated  and  reported  oa  lij 
him;  and  during  the  sitting!  of  the  uita  Boyal  OommiBiioa  oa 
Metropolitan  Water  Sapply  he  gave  moat  important  eTidenosb 
besides  officially  doing  much  work  for  the  Commission  in  ttt 
preparation  of  maps  and  sections  for  the  Report. 

Sanitary  Science  was  another  branch  of  the  subject  to  wliiok 
he  had  applied  his  knowledge.  He  assisted  Sir  G^i^  Budsoui, 
in  1867,  in  a  Report  on  the  Distribution  of  Phthisis  as  affBcted 
by  dampness  of  Soil;  and  in  1890  he  was  appointed  chsinaaa 
of  Section  III.  of  the  Sanitary  Institnte,  at  the  Congress  held  it 
Brighton.  He  then  delivered  an  address  on  Gteology  in  its  lelatioa 
to  Hygiene,  as  illustrated  by  the  Qeology  of  Snssex. 

To  the  study  of  Petroleum  in  its  geological  aspects  he  bid 
latterly  devoted  much  time,  and  he  had  in  view  the  preptrstioa 
of  a  treatise  on  that  subject 

Mr.  Topley*s  published  Papers  and  Memoirs  amount  to  eighty* 
two  in  number ;  his  Survey  Maps  to  twenty-one  sheets,  with  three 
Tertical  and  five  horisontal  sections,  illustrating  the  Northumberisad 
Coal-field  and  the  Wealden  area. 

His  knowledge,  however,  was  by  no  meana  restricted  to  matten 
of  professional  concern.  In  his  early  days  in  the  Wesld,  ii 
Professor  Le  Neve  Foster  informs  the  writer,  Mr.  Topley  wu 
fond  of  Botany,  and  the  two  friends  collected  many  specimens 
for  determination  at  their  field-quarters.  At  that  time,  too,  be 
was  a  great  reader  of  the  works  of  Carlyle.  Poetry,  again,  and 
the  Fine  Arts  were  subjects  in  which  at  all  times  be  was  greatlj 
interested,  and  with  which  he  possessed  more  than  an  average 
acquaintance. 

Since  1875  Mr.  Topley  had  been  Examiner  in  Geology  to  the 
Durham  University  at  the  Newcastle  College  of  Science;  he  also 
succeeded  the  late  Mr.  Bristow  as  Examiner  in  Geology  to  the 
Science  and  Art  Departments 

He  was  elected  a  Fellow  of  the  Geological  Society  in  1862; 
an  Associate  of  the  Institute  of  Civil  Engineers  in  1874;  and 
a  Fellow  of  the  Royal  Society  in  1888. 

Full  of  energy  until  within  about  three  weeks  of  his  death, 
he  had  attended  the  Zurich  meeting  of  the  International  Geological 
Congress.  There,  as  an  acknowledgment  of  his  services,  and  a 
testimony  to  his  wide  acquaintance  with  the  subject,  the  chairman- 
ship of  the  Committee  on  Bibliography  was  offered  to  him ;  bat 
this  he  declined  on  the  ground  of  insufficient  acquaintance  with 
spoken  French.  Leaving  Switzerland  he  subsequently  paid  a 
short  visit  to  Algiers,  when  serious  illness  overtook  him.  He 
had  barely  time  to  reach  his  home  at  Croydon,  ere  he  was 
prostrated,  and  be  finally  succumbed  to  an  attack  of  gastritis 
on  September  30th,  1894. 

Tlie  record  of  his  life  is  one  of  constant  and  unremitting  labour. 
Yet  he  was  ever  cheery,  and  what  was  perhaps  most  noteworthy, 
however  inuc\i  \\^  'w^ca  o^i^u^^iod,  he  was  always  willing,  and 
without  any  trace  ol  \xn^«AAft\w»,  \o  \sfe  \\i\«cr^^\j^ 
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It  18  sad  to  feel  that  he  has  left  unacoomplished  several  tasks 
which  he  had  planned,  and  whioh  he  was  peouliarly  well  fitted 
to  perform;  bat,  nevertheless,  he  leaves  behind  him  a  substantial 
reoord  of  good  work  done.  It  is  far  sadder  to  think  of  the  loss  of 
a  most  kindly,  amiable  nature — of  a  true  friend,  whose  readiness 
in  helping  others  too  often  stood  in  the  way  of  the  fulfilment  of 
his  own  desires.  H.  B.  Woodward. 


REV.    HUGH    MITCHELL,    M.A.,    LL.D. 

BoBK  JuNB  222n>,  1822.  Dibd  Noybxbbb  10th,  1894. 

Hugh  Mitohbll  was  bom  on  22nd  June,  1822,  at  Aberdeen,  where 
his  father  held  a  situation  in  an  ironwork.  The  son,  after  attending 
a  private  English  sohool,  proceeded  to  the  City  Grammar  School, 
and  afterwards  went  through  the  curriculum  of  Marischal  College 
and  University.  He  was  always  a  diligent  student,  and  graduated 
Master  of  Arts  in  1841. 

Of  all  the  classes  he  attended  none  pleased  him  more  than  that 
of  Natural  Science,  then  admirably  taught  by  Mr.  John  Shier,  LL.D., 
a  much  abler  man,  than  the  aged  Professor  for  whom  he  acted  as 
substitute.  Hugh  gained  the  second  prize,  and  also  distinguished 
himself  highly  in  the  chemical  class.  In  company  with  the 
writer  of  this  notice,  he  subsequently  roamed  the  country  for  miles 
round  Aberdeen,  making  Natural  History  collections.  Geology  and 
Mineralogy  were  his  heart's  love. 

Having  studied  for  the  Christian  ministry,  he  was  ordained  in 
1848  to  the  Free  Church  of  Craig,  near  the  southern  shore  of  the 
South  Esk,  in  Forfarshire,  and  not  far  from  Montrose.  Many 
of  his  congregation  were  Ferryden  fishermen,  whom  he  spintually 
benefited  and  whose  affection  he  retained  for  the  46  years  that 
he  continued  in  the  active  discharge  of  his  pastoral  duty.  He  took 
much  interest  in  the  condition  of  the  children,  and  for  more  than 
fifteen  years  was  Chairman  of  the  Craig  School  Board.  Whenever 
leisure  was  obtainable,  he  employed  it  in  prosecuting  his  scientific 
researches,  but  was  careful  that  they  should  not  encroach  on  his 
proper  duty.     Only  one  slight  failure  in  this  respect  is  remembered. 

The  "  Dundee  Advertiser "  in  a  long  and  appreciative  notice  of 
Dr.  Mitchell,  to  which  the  writer  has  been  much  indebted  in 
preparing  this  obituary  notice,  puts  it  on  record.  We  give  the 
details,  feeling  assured  that  the  one  solitary  lapse  will  be  condoned,  if 
not  even  regarded  with  positive  favour,  by  readers  of  the  Gbologioal 
Magazine.  Mr.  Mitchell  had  walked  some  miles  in  July,  1857, 
to  baptise  a  child  in  a  part  of  Forfarshire,  some  distance  from  his 
ordinary  sphere  of  labour.  On  arriving,  he  found  that  the  father 
had  not  returned  from  his  work,  so,  not  to  lose  time,  the  minister 
asked  the  mother  to  lend  him  a  hammer,  and  took  his  way  with 
it  to  a  quarry.  He  had  previously  found  ichtbyic  fragments  in 
Canterland  Den,  but  here,  at  Famell,  on  splitting  a  slab,  he  laid 
bare  a  small,  beautifully  distinct,  and  almost  perfect  fish.  He 
dropped  the  hammer,  forgot  all  about  the  baptism  (which  he  per- 
formed, with  an  apology,  a  fortnight  later),  and  hied  him  home- 
ward with  his  treasure.     Sir  Philip  Egerton  named  it  after  bim^ 
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AeanikodM  MiteMlL  At  the  same  place,  the  minister  afterwaris 
found  two  more  fiahea,  which  were  named  by  Sir  Philip,  Qima!&$» 
Bcmiiger  and  DiplaeanikuB  (I§eknaeamiku»)  graeHie.  The  three  spedes 
were  exhibited  in  Aberdeen  in  1859,  in  iiloatration  of  a  paper  reid 
by  Mr.  Hitchell  before  the  Britiah  Aaaociation  at  ita  Meeting  ia 
that  city.  They  were  afterwards  figured  in  the  Tenth  Decade  of 
the  Gkologioal  Survey  of  England.  Another  fiah  called  after  biia 
18  Pt^a§pi§  MiteheUi,  by  his  old  friend  James  Powrie,  F.O.S.,  of 
Beewallicy  near  Forfar,  alao  like  himself  an  ardeut  collector  of 
Devonian  Fishes  and  Cmataoea.  Both  Sir  Boderick  Mnrohison 
and  Sir  Charles  Lyell  sought  him  out  in  his  country  .*' Manse," 
and  examined  his  extensive  palsontologioal  and  mineralogioal 
colleotiona. 

In  1874  his  olsia  mater^  the  University  of  Aberdeen,  conferred  <m 
him  the  degree  of  LL.D. 

Lsst  year,  being  aged  and  infirm,  he  obtained  a  coHeagoe  to 
relieve  him  of  hia  ministerial  duties^  and  returned  to  his  native  city. 
He  desired  before  his  departure  to  dispose  of  his  collection,  and 
it  waa  ultimately  arranged  that  it  should  be  sent  to  the  Britiik 
Museum  (Natural  History),  Cromwell  Boad,  London,  which  wu 
accordingly  done.  The  names  of  Dr.  Mitcheirs  Old  Bed  Sand- 
stone fiah  apecimena,  now  in  the  Geological  Department  of  the 
British  Muaeum,  take  up  about  S^  pagea  of  the  Manuacript  Catalogue. 

On  the  forenoon  of  Saturday,  lOth  November,  1894,  Dr.  Mitchell 
peacefully  passed  away  in  his  7drd  year,  leaving  a  widow  and  manj 
sympathising  friends  to  mourn  his  loss.  Bobxst  Hubteb. 

RICHARD     MEADE. 

RiOHARD  Meade,  who  was  so  well  known  in  connection  with  the 
Mining  Kecord  Office,  was  bom  in  Dublin,  in  1827,  and  died  on 
the  12th  September,  1894,  after  a  few  hours'  illness.  He  entered 
the  public  service  in  1841,  in  the  Drawing  Office  of  the  old  Houses 
of  Parliament,  as  an  assistant  to  Dr.  Eeid,  who  then  had  charge  of 
the  ventilating  arrangements  of  the  Houses  of  Parliament.  Here 
he  received  instruction  in  drawing,  and  was  trained  as  a  Surveyor. 
In  1853,  when  Sir  Charles  Barry  assumed  the  control  of  the 
ventilating  arrangements,  Mr.  Meade  was  transferred  to  the  Mining 
Kecord  Office  in  the  Museum  of  Practical  Geology,  as  Assistant 
Keeper  of  Mining  Records,  under  the  late  Mr.  Eobert  Hunt,  F.R.S. 

Here,  in  the  preparation  of  the  volumes  of  **  Mineral  Statistics,** 
he  acquired  that  mastery  over  facts  and  figures  connected  with  British 
mining  which  enabled  him,  in  1882,  to  publish  his  book  entitled 
"The  Coal  and  Iron  Industries  of  the  United  Kingdom,"  an 
elaborate  work,*  the  result  of  five  years'  labour,  which  was  recog- 
nized as  a  standard  work  of  reference  on  the  subject. 

On  the  abolition  of  the  Mining  Kecord  Office,  in  1883,  Mr.  Meade 
was  transferred  to  the  Home  Office,  and  was  appointed  Clerk  of 
Mineral  Statistics,  a  position  which  he  held  till  1889,  when  ill-health 
necessitated  his  retirement  from  the  service. 

^  l$oticed.vii\.\ieQi.o\AQ\eiA.  MAOAZurBfor  1883,  p.  324. 
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